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The Nebraska Sand Hills is a vast (7500 square kilometer) area of grass-stabilized 
sand dunes.  Larger dunes in the Nebraska Sand Hills formed primarily during the Late 
Pleistocene, but many underwent widespread reactivation during the Holocene.  Recent 
Optically Stimulated Luminescence (OSL) dating indicates that the last major phase of 
reactivation in the Sand Hills was during the Medieval Warm Period, approximately 800 
years ago.  Nevertheless, many questions about the evolution of the dunes remain 
unanswered, particularly regarding the formation of linear dunes in portions of the Sand 
Hills.  
This study seeks to understand more about the formation of linear dunes and 
contribute to the current body of knowledge regarding the Nebraska Sand Hills’ geologic 
past.  The linear dune field investigated in this thesis is located in northwestern Brown 
County, Nebraska along the southern margin of the Niobrara Valley.  These dunes range 
from 300-600 meters in length, and their relief ranges from 6-10 meters.  LiDAR imagery 
acquired in 2012 reveals that the crests of many of the dunes have characteristic “Y”-
shaped junctions in plan view, features that have not yet been fully examined in the 
Nebraska Sand Hills.  Additionally, these dunes are not superimposed onto other dune 
forms, unlike the majority of linear dunes previously studied in the Nebraska Sand Hills.  
These dunes are interpreted as simple vegetated linear dunes based on their morphology. 
Three ground-penetrating radar (GPR) lines, created with 100 MHz frequency 
antennas penetrated to the bases of the Brown County dunes.  The GPR lines depict beds 
that dip predominately to the south in each dune, unlike previous studies that showed 
bidirectional dip angles for some linear dunes in the Sand Hills.  OSL samples were 
collected from twelve sediment cores and five hand-auger holes. Twenty-five eolian ages 
show these dunes stabilized around 2600 years ago and between 950 to 520 years ago, 
times that correlate to significant periods of drought and dune activity previously 
recorded in the Nebraska Sand Hills.  Several of the deeper (35-40 m) cores contain 
alluvium that underlies the dunes.  On the basis of four OSL ages, the terrace fill 
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This thesis investigates a noteworthy field of linear dunes in the Nebraska Sand 
Hills, located in Brown County, Nebraska, south of the Niobrara River Valley (Figure 
1,2). These dunes are characterized by salient morphological features; unlike many other 
linear dunes in the Sand Hills, these dunes are singular and they are not superimposed 
onto other dune types. LiDAR shows that these dunes also appear to have characteristic 
‘Y’ shaped junctions described by Tsoar (1989), which are discussed further below. 
These types of dunes have not yet been examined in detail in this part of Nebraska. The 
dunes range from 300 to 600 m in length, and lie at an average elevation of 700 m. The 
south arms of the ‘Y’ shaped dunes appear to be larger than their counterparts to the 
north, and in this part of the dune field the arms open to the west-southwest (Figure 2). 
The formation of these dunes is interpreted from subsurface investigations and Optically 
Stimulated Luminescence (OSL) dune chronologies. 
Recent advances in geochronology, and particularly OSL dating, have allowed 
scientists to better understand the long-term dynamics and evolution of dune fields.  Prior 
to the 1990s studies conducted in the Nebraska Sand Hills were unable to date the 
prehistoric movement of dune sands.  These early studies relied primarily on pollen 
analyses and radiocarbon dating of peats under the dunes and buried soils within them 
(Ahlbrandt et al., 1983; Loope et al., 1995). However, radiocarbon dating of paleosols is 
only useful in estimating times of dune stability and it is unable to determine when the 
sand was actually moving.  It was not until after the pioneering work of Huntley et al. 
(1985) that Optically Stimulated Luminescence (OSL) became a reliable method for 
2 
 
determining eolian dune chronologies, and it was utilized in the Nebraska Sand Hills 
frequently after 2000 (Goble et al., 2004, Mason et al., 2004, Miao et al., 2007). 
OSL allows researchers to estimate when buried eolian sediments were last 
exposed to sunlight, which can be used to indicate the timing of past dune activity.  The 
technique determines the depositional age of the grains on the basis of the amount of 
energy stored in their crystal lattice.  Minerals trap electrons once they are buried, and the 
grains luminesce when electrons are evicted from traps once they are exposed to certain 
wavelengths of light.  The luminescence signal is built when the sample is buried.  
Naturally occurring radiation emitted by the surrounding sediments from the decay of 
potassium, uranium, and thorium acts to build luminescence traps.  Cosmogenic 
irradiation is another contributing factor; its impact varies with sample burial depth.  
Exposure to natural radiation causes electrons to become excited and enables them to 
move from their valence positions, and they will move from their original location into an 
“electron trap” within the crystal lattice (Rhodes, 2011).  This process continues to build 
the luminescence signal until the grains are collected for OSL measurement.  Exposure to 
sunlight resets the luminescence signal when buried grains are subaerially exposed.  This 
is known as bleaching, and occurs if the buried grains are exposed to sunlight for even as 
little as 1-100 seconds; this process acts to reset the optical clock.  Once the grains are re-
deposited, the luminescence signal will begin to rebuild.  In order to date the time since 
the last burial of sand grains, both the amount of energy stored in the grains and the rate 
at which energy was added to the grains must be known.  Together these values are used 




The Nebraska Sand Hills are one of the largest grass-stabilized dune fields in the 
world, spanning approximately 57,000 square kilometers (Bleed and Flowerday, 1998). 
The most predominant dune forms are barchanoid ridge and megabarchan dunes that 
exist largely in the central portion of the Nebraska Sand Hills (Swinehart, 1998).  
Slipface orientations and cross-bed measurements indicate these larger dunes were 
deposited during periods of eolian activity when predominant wind directions were from 
the north and northwest (Ahlbrandt and Fryberger, 1980).  Several studies show dunes 
began forming in the Pleistocene (Stokes et al., 1999), with ages for the larger dunes 
suggesting dune activity occurred between 14,000 and 19,000 years ago (Mason et al., 
2011).  Holocene activity has been recorded across the Sand Hills throughout a variety of 
dune types, including those containing parabolic and linear dunes (Mason et al., 2004; 
Miao et al., 2007; Figure 1). 
 
Figure 1.  Dune distribution map of the Nebraska Sand Hills from Swinehart (1986).   
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 Underlying the dunes are unconsolidated fluvial deposits that rest above the 
Ogallala Group (Miocene), which forms the uppermost layer of bedrock beneath the Sand 
Hills (Swinehart and Diffendal, 1998).  The Ogallala Group consists mostly of sand, and it 
was deposited by rivers draining the eastern Rocky Mountains (Joeckel, et al., 2014).  Sand 
Hills dune sand is largely sourced from the unconsolidated alluvial sands that formerly 
covered nearly the modern expanse of the Nebraska Sand Hills (Swinehart and Diffendal, 
1998).  The Ogallala Group is another likely source of dune sand, although primarily only 
in the northwestern portion (Cherry and Sheridan counties) of the Nebraska Sand Hills 
(Swinehart and Diffendal, 1998).  The dune sands, which are 50-75% quartz, are fine to 
medium grained and moderately well sorted (Ahlbrandt and Fryberger, 1980).  Shallow 
soils have developed over much of the area, and the Valentine soil dominates the portion 
of the dunes selected for this study (USDA, 1992). 
Field work was performed in a small area south of the headquarters of the Nature 
Conservancy’s Niobrara Valley Preserve (NVP) (Figure 2).  The study site is bounded by 
the Niobrara River approximately 1-4 kilometers to the north and the Norden Road to the 
west.  This study area was selected from a field of linear dunes originally mapped by 
Swinehart (1986; Figure 1). 
The central and western Nebraska Sand Hills have a semiarid climate, with hot, 
dry summers and cold winters.  Nearly 75% of the average annual precipitation falls 
between April and September (Wilhite and Hubbard, 1998).  The Sand Hills receive an 
average of 431 to 584 mm of precipitation each year.  The current regional wind regime 
is dominated by mid-latitude cyclones in winter months, while anticyclonic summer 
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winds deliver warm moist air from the Gulf of Mexico (Sridhar et al., 2006).  Modern 
wind patterns for Valentine, Nebraska, the nearest long-term weather station, indicate 
seasonal variability.  Based on the Valentine weather station, the Niobrara Valley 
Preserve receives west-northwesterly winds in the late fall and early winter, then north-
northwesterly winds during late winter and early spring.  Spring and summer months 
experience south and south-southeasterly winds.  Annual averages indicate predominately 
northwesterly winds (NCDC, 1998). These wind patterns are mainly controlled by 
passing frontal systems (Wilhite and Hubbard, 1998). 
 
Figure 2. A hillshade image generated from a 2-m DEM constructed from LiDAR data 
of the study area located on the Niobrara Valley Preserve, Brown County, Nebraska. Red 






Linear Dunes  
 
Linear dunes are the most widespread dune type in the world, but there is 
considerable controversy about their origins (Tsoar, 1989).  Linear dunes were once 
thought to form as counter-rotating parcels of air converge at the land surface pushing 
sand into elongate ridges (Hanna, 1969).  More recent studies reveal at least some linear 
dunes form under bimodal flows where two winds from opposing directions approach the 
crest at an angle (Tsoar, 1983; Tsoar and Yaalon, 1983).  This wind pattern creates dunes 
with multiple slip faces that grow longitudinally (McKee, 1979).  Nevertheless, linear 
dunes have been found under various wind regimes, including unimodal, bimodal, and 
even complex-multidirectional ones (Lancaster, 1995).  Regardless of wind regime, linear 
dunes typically have single elongate ridges with straight to sinuous crestlines, and they 
are typically many times longer than they are wide (Tsoar, 1989).  Linear dunes are 
usually regularly spaced and run parallel to one another (Lancaster, 1982), and several 
studies show that most grow by downwind elongation (Tsoar, 1978; Thomas, 1997; Tsoar 
et al., 2004). 
Linear dunes are subdivided into multiple types, each of which has been attributed 
to different formational processes (Tsoar, 1989).  Simple linear dunes are singular, but 
complex and compound linear dunes are typically megadunes that have formed atop other 
dunes, or they may be networks of simple dunes that have grown together (Tsoar, 1989).  
Simple linear dunes may or may not be vegetated (Lancaster, 1995).  The vegetated linear 
dunes are often relatively straight rather than sinuous, and exhibit rounded profiles 
ranging from several up to tens of meters in height (Lancaster, 1995; Tsoar, 1989).  These 
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dunes are thought to form under unimodal winds, and to grow parallel to the dominant 
wind direction (Tsoar, 1989).  A unique attribute of vegetated linear dunes is the 
tendency for two adjacent dunes to converge into a single ridge, forming a ‘Y’ junction 
(Tsoar, 1989).  These ‘Y’, or tuning-fork shaped dunes, open to the upwind direction and 
are most commonly found in areas where individual dunes are closely spaced (Lancaster, 
1995).  The ‘Y’ junctions form when dune spacing responds to fluctuations in sediment 
supply or changes in substrate (Tsoar, 1989; Lancaster, 1995).  When the dunes converge 
into tuning forks, the angle between them closes by approximately 16° to 25° (Tsoar, 
1989). 
Non-vegetated simple linear dunes are called seif, and are highly sinuous with 
sharp crests (Tsoar, 1989).  Seif dunes are often initiated from the elongation of 
transverse or barchan horns (Lancaster, 1995).  Less frequently, they may evolve from 
vegetated linear dunes if the vegetation becomes reduced (Tsoar, 1989).  Oblique, 
bidirectional winds affect the dune on both sides of its slopes, where each is diverted to 
blow parallel to the crestline in a down-dune direction (Tsoar, 1989).  As a result, seifs 
elongate parallel to the stronger of the two dominant winds.  
Complex linear dunes consist of two or more different types of simple dunes that 
have coalesced or become superimposed on other dune forms (Tsoar, 2001).  The 
composite form of these dunes is difficult to explain (Tsoar, 1989).  Complex linear 
dunes commonly form under variable wind regimes that have at least one predominant 
direction (Lancaster, 1982).  Complex linear dunes may reach from tens up to several 
hundreds of meters in height (Lancaster, 1995). The heights and interdune spacings of 
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complex dunes are positively correlated in most cases.  In addition, dune crests are 
frequently sharp and sinuous, and usually connect a series of regularly spaced peaks as 
the dunes grow together. 
Linear dunes occupy 7500 square kilometers of the Nebraska Sand Hills (Sridhar 
et al., 2006) and they are usually superimposed on other dune forms (Swinehart, 1998).  
Large tracts of linear dunes lie along the southeastern border of the Sand Hills, as well as 
in the north-central portion of the dune field immediately south of the Niobrara River 
(Figure 1).  Linear dunes in the Nebraska Sand Hills are about 1610 m in length, 152 m in 
width, and 15 min height (Swinehart, 1998).  Sridhar et al. (2006) observed that the crests 
of linear dunes in the southeastern Nebraska Sand Hills are oriented N65°W. 
Bidirectional dip angles found in a limited number of dune exposures suggest these linear 
dunes formed from both northerly (between 340° and 17.5°) and southwesterly (between 
212.5° and 250°) winds.  The southwesterly winds, which were most likely dry, replaced 
a predominating southerly flow that likely carried moisture from the Gulf of Mexico 
similar to today.  These dunes were formed during the Medieval Warm Period, 
approximately 800-1000 years ago, and reflect the last major recorded period of drought 









Ground-Penetrating Radar (GPR) surveys were conducted on four dunes using a 
Sensors and Software Pulse EKKO system with a 1000 V transmitter using antennas at 
various frequencies.  Two lines were obtained with the lowest frequency, 100 MHz, 
which produced imagery at a low resolution but showed greater depth within the dune.  
The greatest frequency utilized, 450 MHz, yielded two images with less depth of 
penetration at a higher resolution. Additional GPR lines were surveyed with 200 and 225 
MHz antennas. 
To obtain GPR data, measuring tapes were initially placed across both the east-
west and north-south extents of each dune, crossing in the middle.  Endpoint positions 
were recorded using a hand-held GPS unit.  At the beginning of each line, antennas were 
placed 2 meters apart, a distance held constant for each measurement.  Data was collected 
in 0.5 m intervals across each transect.  For ease of collection, a backpack transport 
system that housed the computer and software was utilized.  Topographic correction of 
the GPR profiles was created by an elevation survey using a rotating laser leveler. 
Sample Collection  
Twelve sediment cores and nine bucket auger samples were extracted from the 
Niobrara Valley Preserve to assess the chronology of eolian activity and the formation 
mechanism for these paired dunes.  Borehole sites were selected using the USGS 
topographic map of the Norden 7.5’ quadrangle, in conjunction with Digital Elevation 
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Models (DEM) generated from 2 m resolution LiDAR data.  For each paired dune, cores 
were taken from the larger dune and its smaller counterpart.  The nine bucket auger sites 
were selected on the basis of dune stratigraphy determined by GPR data. 
Seven sediment cores were collected using a track-mounted GeoProbe®.  Cores 
were drilled to refusal, around 12 m in depth with several experiencing a departure in 
grain size from eolian sediments to alluvium.  The GeoProbe® drills 1.5 m long x 6.5 cm 
diameter cores that encapsulate sediment in a plastic tube.  The tubes preserve borehole 
stratigraphy, needed for successful description and sub-sampling.  Every other core barrel 
was fitted with an opaque black liner, allowing those sediments to be sampled for 
Optically-Stimulated Luminescence (OSL) dating.  The opaque liners protect and 
maintain the luminescence signals of the samples within.  A truck-mounted Giddings 
probe obtained five additional sediment cores, reaching depths up to 3.33 m.  The cores 
were retained in 1.25 m long plastic tubes and were described and sub-sampled for OSL 
dating. 
Core Description 
Sediment cores with the dark liners were opened under amber and/or red lighting 
conditions to preserve the luminescence signals.  Samples for OSL dating were collected 
at least 30 cm from the top and bottom of each core, primarily in areas with visible 
bedding and no disturbance.  
Upon completion of OSL sampling, the remaining sediment cores were opened 
under normal lighting conditions, photographed, and described following standard 
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pedologic nomenclature (Schoeneberger et. al, 2002).  Core descriptions were determined 
by visually noting changes in color, grain size, and texture.  Alluvial sediments were 
distinguished from eolian sediments by their lighter colors, overall coarser sand fractions, 
and higher silt and clay contents.  Percentage of calcium carbonate was assessed at 
intervals of approximately 5 cm according to reaction with 10% HCl. 
Particle Size Analysis 
Following their description, the cores collected with the GeoProbe® were sub-
sampled for particle size analysis.  A total of 232 samples were analyzed by laser 
diffraction using a Malvern Mastersizer 2000E.  Particle size samples were taken at 30 
cm intervals, including some targeted areas containing lamella.  Samples were sieved to 
1000 μm, then weighed to achieve the desired amount of material for analysis; most 
samples contained sand and required ~ 2 g of sediment.  Samples were placed in 50 ml 
tubes with 10 ml sodium hexametaphosphate (NaHMP), a dispersant used to de-
flocculate the grains.  Samples were placed on a shaker for a minimum of 12 hours, 
before undergoing 60 seconds of sonication prior to analysis. 
Optically Stimulated Luminescence (OSL) Dating 
The Optically Stimulated Luminescence (OSL) method was used for dating quartz 
grains from the recovered cores and bucket augers.  Twenty-nine samples, including 
twenty-four extracted from sediment cores and six from bucket augers, were processed 
and dated.  Samples were wet-seived to 90-150 μm, and larger grains were archived for 
potential future use. Carbonates were dissolved for sediments in the 90-150 μm range 
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with 10 ml of 10% Hydrochloric acid.  After seven rinses using de-ionized water, the 
Hydrochloric acid was removed and samples were dried at approxximately 55 °C.  
To isolate quartz grains from any heavy minerals, samples were placed in 
centrifuge tubes and floated in sodium polytungstate.  This heavy liquid has a specific 
gravity of ~2.7 g/cm3, and is therefore ideal for floating the less-dense (~2.65) quartz 
grains (Aitken, 1998). Centrifuge tubes were then placed into a water-filled sonication 
tank for five minutes prior to centrifugation for 10 minutes.  The centrifuge leaves the 
quartz grains floating at the top of the tubes, while the heavy minerals sink to the bottom 
of the polytungstate.  The heavy minerals were then frozen in place with liquid nitrogen.  
De-ionized water was used to flush the quartz grains and polytungstate into a beaker, 
where the polytungstate was removed once more to be filtered for reuse.  The isolated 
quartz sand was rinsed six more times to remove lingering traces of polytungstate.  
Samples were then subjected to hydrofluoric acid baths to dissolve feldspars and etch the 
quartz grains.  Etching dissolves the outer layer of the mineral, which contains alpha 
radiation.  Hydrofluoric treatment was followed by six rinses in de-ionized water and 
dried at approximately 55°C.  
All samples were mounted on 5 mm masked aluminum disks, which were sprayed 
with medical-grade silicone spray.  Each 5 mm aliquot contains about 1500 quartz grains.  
Preheat plateau tests were used to determine the proper temperature to preheat the 
samples in order to produce De values (Murray and Wintle, 2006).  The preheat plateau 
experiments determined that 220°C was the optimal preheat and cut-heat temperature and 
that samples would be responsive to optical dating techniques.  Aliquots were analyzed 
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on DA-20 Risø TL/OSL readers in the University of Nebraska-Lincoln luminescence 
labs.  The single aliquot regenerative-dose (SAR) method was performed to determine 
the equivalent dose (De) for each sample (Murray and Wintle, 2000).  Final age estimates 
were based on a minimum of 25 accepted aliquots. Equivalent dose (De) values were 
calculated using the Central Age Model (Galbraith et. al 1999).  Aliquots were rejected if 
their recycling ratios were greater than ± 15%, if IR diode stimulation produced 
measurable signals, or if they had De values greater than 3 σ from the mean De.  These 
rejection criteria can allieviate problems related to age overestimation (Aitken, 1998).  
Sample moisture content was calculated by measuring the initial water mass in 
each sample (wet weight – dry weight / dry weight), with the exception of ten samples, 
UNL-4327 - UNL-4336, to which a standard 5% moisture value was assigned.  High-
resolution gamma ray spectrometry was utilized to determine concentrations of K, U, and 
Th in sediments contiguous to the luminescence samples.  The dose rate samples were 
taken directly above and below each OSL sample and subsequently dried. Approximately 
27-30 grams of the dried dose rate sample were compressed into sealed petri dishes for 
gamma spectrometer analysis on the concentrations of K, U, and Th.  These 
measurements were used to calculate the environmental dose rate values with equations 
from Aitken (1998).  The environmental dose rate is also affected by cosmogenic 
irradiation, and equations from Prescott and Hutton (1994) were used to estimate the 







Each of the three GPR surveys (Figures 3-5) produced profile imagery with 
common characteristics, regardless of the MHz utilized to create them. The horizontal 
scale for all profiles displays the distance in meters across each transect.  The vertical 
scales consist of both two-way travel time (ns; left side) and depth in meters (m; right 
side), based on the near surface velocity of a radar pulse travelling through the underlying 
sediment.  For each profile, the two uppermost continuous reflections are representative 
of air wave and ground wave arrivals, respectively, and are not considered part of the 
stratigraphic data.  
For the initial dune survey (Line 4), several frequencies were tested to determine 
which would provide optimum results.  GPR systems allow a large range of transmitter 
and frequency powers, however requirements for depth of penetration, resolution, and 
continuity of reflections should be considered before making these choices for a 
particular site (Jol, 1995).  Line 4 was surveyed using 100 MHz, 200 MHz, 250 MHz, 
and 450 MHz frequency antennas.  Imagery produced by the ascending frequencies 
results in lower depth of penetration and increased resolution as the MHz values rise.  
The lower 100 MHz frequency displayed the desired resolution for the purposes of this 
study and the following discussion is refers to those profiles.  
The dune surveyed to create Line 4 (~726 m MSL) was located approximately 
200 meters north of (NVP 9) (Figure 11), and extended 95 m from north-south across the 
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dune (Figure 3).  The profile reveals a very interesting and unexpected internal 
stratigraphy, variations of which are found across all three GPR lines.  Very prominent, 
southward-dipping diagonal beds are apparent in this GPR survey (Figure 3).  The beds 
span from approximately 25-80 m across the dune profile and run about 2-3 m deep in 
height.  The beds themselves range anywhere from 5-20 m in length. 
 
Figure 3.  GPR profile for Line 4 from B-B’; original image (top) and annotated image 




Figure 4.  GPR profile for Line 6 from C-C’; original image (top) and annotated image 







































































Line 6 was surveyed across part of a dune that contained both the NVP 9 and 
NVP 10 core sites, approximately 70 and 200 meters away, respectively (Figure 11).  The 
line ran from northeast-southwest and spanned 95 meters in length.  This profile has a 
slightly undulating shape, as the highest portion of the dune (~728 meters elev.) descends 
then rises again at a lower elevation (~724 meters) than the crest (Figure 4).  The GPR 
results for materials underlying the 30 m-deep portion of the profile do not show any 
pattern and appear scrambled, with a large white area beneath this portion of the dune 
(Figure 4).  This may represent a subsurface disturbance that interrupted the GPR pulse.  
Some horizontal bedding appears from about 35to 50 m across the profile.  These 
horizontal beds are 10 to 15 m in length.  Another instance of southward dipping bedding 
occurs along the transect spanning from about 60 to 82 m where beds are only about 2 
meters deep.  These beds are approximately 20 m in length. 
The GPR survey at Line 7 crossed two dunes, from one of which cores NVP 4 
and NVP 5 were taken.  Line 7 was taken approximately 30 to 50 m east of those core 
sites (Figure 11). Line 7 extended 220 m southward, first crossing a dune of lower relief 
(approximately 725 meters MSL) before continuing over a higher (~728 m MSL) 
dune(Figure 11).  Dipping beds are again present in both dunes in this transect.  For the 
smaller dune, the southward-dipping beds extend approximately 30-45 m across the 
profile, and are found up to two meters below the dune surface (Figure 5).  Bedding 
planes are approximately 15 to 20 m in length.  The dipping beds are more extensive 
beneath the taller dune, and dip from approximately 135to180 m across the profile.  
Prominent southward dips reach down to nearly 6 meters in the subsurface. Bedding 
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planes are approximately 20 to 25 m in length.  OSL samples were targeted along these 
GPR lines based on their internal stratigraphy. 
Dune and Alluvial Sediments and Stratigraphy  
Descriptions of the twelve sediment cores revealed dune sediments were largely 
consistent across the dune field (Figures 6,7).  Core descriptions are found in Appendix 1.  
Each core exhibited a weakly developed A horizon (< 70 cm) and contained primarily 
eolian sediment, except for four cores where alluvial sediment was recovered.  Alluvial 
sedimentswere distinguished from eolian sediments by increased clay and silt content, 
changes in color (light gray to light brownish gray), and the presence of coarse to very 
coarse sand.  Unique features were also identified within several of the cores.  Some fine 
concretions were apparent around 10 m in NVP 10, and the bottom 25 cm of NVP 8 
contained a small layer of pale brown alluvial silt with angular blocky structure.  Eolian 
sands were comprised of very fine to medium sand, single grain structure, and were 
typically pale brown (Munsell 10YR 6/3)when dry.  Lamellae were present in both eolian 
and alluvial sediment in 8 of the 12 cores, ranging in depths from 1 m to 12 m below 
ground surface.  The thicknesses of lamellae varied from 0.3 to 5 cm and werebrownish 
yellow (Munsell 10YR 6/6)when dry. 
Particle-size analysis results show the modal grain size for both alluvialsediments 
(Figure 8) and eolian sand (Figure 9) was medium sand, 250-500 μm (Appendix 2).  
Figures 8 and 9 are representative of alluvial and eolian particle size distributions, 
respectively.  The distribution for NVP 14 shows an increase of silt at the start of 
alluvium, which is clearly visible in the profile (Figure 6).  Other alluvial particle size 
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graphs portray similar characteristics, including a few instances of increased clay content 
at depth.  Eolian core NVP 12 shows a distribution of nearly 100% sand throughout the 
core, as do the other eolian cores (Figure 9). 
 
Figure 6.  Sediment core stratigraphy and OSL age chronology of the dunes selected 
from each portion of the study area (see figure 12 for core locations).  OSL ages are given 






Figure 7.  Sediment core stratigraphy and OSL age chronology of the dunes selected 
from the western portion of the study area (see Figure 10 for core locations).  OSL ages 









Figure 8.  Particle size distribution showing percent clay, silt, sand, and medium sand for 
core NVP 14, which is typical of cores with eolian sediment overlying alluvium.  Depth 
































Figure 9.  Particle size distribution showing percent clay, silt, sand, and medium sand for 
core NVP 12, which is representative of eolian cores in this study.  Depth in cm.  NVP 12 





























OSL Age Chronology  
A total of twenty-nine OSL ages were generated for the dune sands and 
underlying alluvial sediments (Table 1).  Four Pleistocene age estimates taken from 
alluvium ranged from 23000 ± 1900 to 15300 ± 1160 years ago.  The samples taken from 
eolian dune sands were extracted from the highest part of the dunes and yielded twenty 
Holocene OSL age estimates that ranged from 2630 ± 200 to 520 ± 40 years ago.  Eolian 
samples obtained with bucket augers produced five additional age estimates that range 
from 630 ± 50 to 810 ± 100 years ago.  Six cores were obtained from the western portion 
of the study area and six cores were recovered from the eastern portion (Figures 10 & 
12).  The ages derived from the bucket augers will be addressed in the western site 
section, as they were extracted within the vicinity of three of those cores (Figure 11). 
Western Sampling Sites 
OSL ages for dune sands sampled in the western half of the study area range from 
approximately 520 to 950 years old.  NVP 4 and NVP 5 were the shallowest cores 
obtained in this area, and four ages were collected from them.  The sample for NVP 4-1 
(UNL-4333) is estimated to be 540 ± 50 years old, taken from a depth of 0.9 m below 
ground surface.  The deepest sample for this core, NVP 4-2 (UNL-4334), produced an 
age estimate of 950 ± 60 at 2.4 meters.  NVP 5-1 (UNL-4335) resulted in an age of 660 ± 
50 years ago and was extracted from 0.9 m below the surface.  NVP 5-2 (UNL-4336) 




Three of the four deeper cores (NVPs 9, 10, and 14) contained eolian sediment 
that overlies alluvium.  NVP 9 and NVP 10 were extracted about 350 m south of NVP 4 
and 5 (Figure 10).  NVP 9-1 (UNL-4357) was sampled at 1.3 m below ground surface 
and produced an age of 520 ± 40 years ago.  NVP 9-4 (UNL-4360) was the first alluvial 
sample captured from 10.3 meters below the surface and is an estimated 16600 ± 1600 
years old.  The approximate elevation for the top of the alluvium in this core is 719 m 
(Appendix 1).  NVP 10-1 (UNL- 4361) resulted in an estimated age of 800 ± 60 from a 
subsurface depth of 1.3 meters.  This sample’s deeper counterpart, NVP 10-4 (UNL-
4364), was taken from 10.3 meters below the surface and produced the next alluvial age 
of 19200 ± 1500 years old.  The approximate elevation of the top of the alluvium is 720 
m. 
NVP 12 was the only deep core in the western study area that was drilled 
exclusively into eolian dune sand.  NVP 12 was extracted about 1200 m to the southwest 
of the local cluster of the previous four cores (Figure 10).  The shallow age derived for 
NVP 12-1 (UNL-4365) is 760 ± 60 years old from a subsurface depth of 1.3 m.  NVP 12-
4 (UNL-4368) resulted in 900 ± 70 years old and was sampled at 10.3 m below ground 
surface.  The last ages calculated from cores in the western portion of the study area are 
derived from NVP 14, which was drilled around 1700 m south of NVP 12 (Figure 10).  
NVP 14-1 (UNL-4369) resulted in an OSL age of 810 ± 90 years old from a depth of 1.3 
m below ground surface; OSL data from NVP 14-4 (UNL-4372) calculated an age of 
15300 ± 1160 years in alluvium at 10.3 m in depth.  The approximate elevation for the 
top of alluvium in this core is 750 m. 
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Ages of Bucket Auger Samples 
Nine additional bucket auger samples were targeted for OSL dating based upon 
results of the Ground-Penetrating Radar (GPR) surveys. Samples were extracted along 
the lines generated by GPR (Figure 11) and were obtained up to 25 meters from dune 
crests on both the north and south sides of each dune. Five of the bucket auger samples 
were processed and dated, and resultant ages are discussed below.  
Two luminescence ages were produced from points along GRP Line 4, which ran 
from  north to south along a single dune (Figure 11).  GPR 4-1 (UNL-4373) was 
extracted on the north side of the dune at a depth of 1.2 meters.  The estimated age 
resulted in 660 ± 50 years ago, which is consistent with other eolian ages produced from 
the surrounding dune field.  GPR 4-2 (UNL-4374) is located on the south side of the 
same dune at 1.5 meters below the surface and is 810 ± 60 years old.  
Four samples were targeted from GPR Line 7, which ran southeast- northwest 
across two dunes.  Only three of these samples, however, were analyzed (Table 1).  GPR 
7-1 (UNL-4375) was taken 1 m below the ground surface on the south side of a small 
dune and is 810 ± 100 years old.  The remaining samples (UNL-4377, 4378) were taken 
from the dune directly to the north of the first dune along Line 7 (Figure 11). GPR 7-3 
(UNL-4377) was taken at 0.9 m below the surface on the south side of the dune; it is 630 
± 50 years old.  The remaining sample in this transect is GPR 7-4 (UNL-4378), located 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Eastern Sampling Sites 
OSL ages for dune sands sampled in the eastern portion of the study area range 
from approximately 570 to 2630 years old.  NVP 1-3 were the shallowest cores sampled 
in this area and they lie within 500 m of each other (Figure 12).  Results from NVP 1-1 
(UNL-4327) produced an age estimate of 670 ± 60 years old, from a depth of 1.1 m 
below ground surface; NVP 1-2 (UNL-4328) resulted in an OSL age of 770 ± 110 years 
old at 2.9 m. NVP 2-1 (UNL-4329) yielded an age estimate of 780 ± 70 years old from 
0.8 m below ground surface.  NVP 2-2 (UNL-4330) is approximately 680 ±70 years old, 
taken from a depth of 2.9 m.  NVP 3-1 (UNL-4331) is the last of the shallow cores and 
resulted in an age of 630 ± 50 years ago from a depth of 1.9 meters; NVP 3-4 (UNL-
4332) is 3 meters below ground surface and returned an age estimate of 640 ± 50 years 
old. 
The remaining three cores (NVPs 6-8) were extracted west of NVP 1- NVP 3 and 
are spaced roughly 1000 meters apart (Figure 12).  Of the three cores, only NVP 6 was 
drilled into alluvium that underlies the eolian sand. NVP 6-1 (UNL-4346) resulted in an 
eolian age of 570 ± 40 years old, taken from a depth of 2.2 m.  NVP 6-4 (UNL-4387) was 
taken at a depth of 8.6 meters and contained alluvial materials that dated to 23000 ± 1900 
years old.  The approximate elevation for the start of alluvium in this core is 704 m. 
Samples from the final two cores provided OSL ages for eolian dune sand.  NVP 
7-1 (UNL-4349) was taken from 1.5 meters below ground surface and produced an 850 ± 
70 age estimate; NVP 7-4 (UNL-4352) is approximately 750 ± 60 years old and was 
sampled at a depth of 10.1 meters.  NVP 8-1 (UNL-4353) was sampled at 1.2 m and 
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resulted in an age of 840 ± 80 years old.  Interestingly, NVP 8-4 (UNL-4353) provided 
the oldest eolian age estimate of all sampled dune sands; OSL data was used to assign an 
age of 2630 ± 200 years calculated for a sample taken at 10 m below the surface on the 
north portion of the dune. 
 
Figure 10.  A hillshade image generated from a 2-meter resolution DEM constructed 






Figure 11.  A hillshade image generated from a 2-meter resolution DEM constructed 
from LiDAR data portraying the GPR lines and their position relative to the core sites 
contained within the western coring area of the study site.  Red dots indicate Giddings 















Figure 12.  A hillshade image generated from a 2-meter resolution DEM constructed 




Alluvial sediments were present in the lower portions of four of the twenty-nine 
sediment cores.  One OSL age was collected from alluvium at the base of each of the four 
cores (Figures 6 & 7).  Eolian sediments are typically the most suitable for OSL dating 
because the grains are sufficiently exposed to sunlight during transportation, and most 
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OSL signals are reset prior to burial.  For many alluvial environments, grains receive 
inadequate sunlight and subsequently contain remnant OSL signals (Olley, et al., 1998).  
This phenomenon is referred to as “partial bleaching” and can result in age estimates that 
are too old for the alluvial sediment.  Partially bleached sediments can show greater 
scatter and higher De overdispersion values as opposed to those that are adequately 
bleached (Galbraith et al., 1999).  Sample overdispersion is the relative standard 
deviation of all De values, and is calculated from the distribution of De values. Galbraith 
et al. (1999) suggested that samples with overdispersion values <20% are homogenously 
bleached.  The overdispersion rates for all four alluvial NVP ages are <20%, and 
therefore most likely were adequately bleached prior to burial.  The samples are 
interpreted as representative of the sample’s alluvial burial age.  In addition, OSL dating 
of alluvial sediments has also been successfully applied in Platte River sediments 
underlying the Duncan dunes (Hanson et al., 2009) and in Elkhorn River sediments 
beneath the Stanton dunes (Puta et al., 2013).  The methodology involved in this study is 
similar to that of those works, providing additional confidence in the NVP alluvial ages. 
Comparatively few studies have dated alluvium underlying Niobrara River 
terraces in the Nebraska Sand Hills.  One such investigation assessed the Connely Flat 
beds, which comprise a prominent alluvial terrace found on both sides of the Niobrara 
River between the towns of Ainsworth and Merriman.  This location also includes the 
banks of the river directly north of the study area selected for this thesis.  Larson (2001) 
described the terrace and presented radiocarbon ages indicating the sediments in the 
Connely Flats beds were deposited by an ancestral Niobrara River between 
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approximately 30,000 to 10,000 years before present (yBP), around the time of the Last 
Glacial Maximum.  The terrace is reportedly 50-60 meters above the modern Niobrara 
(Larson, 2001), which currently flows at approximately 645 meters in elevation.  As 
noted in the OSL results, the alluvium from the four NVP cores was recovered from 
similar elevations between 704-750 meters.  The elevation of the radiocarbon-dated 
alluvial Connely Flats and the NVP alluvial ages ranging from 23,000-15,300 years old 
are generally consistent, which significantly increases confidence in the ages produced in 
this study.  The elevations measured for the alluvial materials collected in this study and 
that of the current Niobrara River floodplain suggest the stream incised between 
approximately 57 to 105 meters since it occupied this terrace level between 23,000-
15,000 years ago. 
Dune Chronology  
The twenty-five OSL age estimates from eolian sediments show these dune fills 
date to the late Holocene (Figure 13).  Twenty of the age estimates indicate the dune field 
on the Niobrara Valley Preserve was active between 950-630 years ago, and these ages 
are represented in one large cluster (Figure 13).  Another younger cluster dating around 
approximately 570-520 years ago is also present.  Distinguished from these younger ages 
is one dune age that shows eolian activity around 2600 years ago.  The eolian ages appear 
to show a reliable chronology of dune activity in the NVP.  With the exception of three 
cores, all of the ages presented in Table 1 show sequential values from the uppermost to 
bottommost sample analyzed from each core. NVPs 2, 5, and 7 all appear to have 
samples with older ages overlying younger ages. However, the upper and lower ages in 
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each of these cases fall within 1 σ error range of the other.  Therefore, all OSL ages occur 
in proper stratigraphic order.  This is one indication that the OSL method is producing 
reliable age estimations. 
Confidence in the validity of the twenty-five eolian OSL ages is high.  Only five 
samples show overdispersion >20%, indicating that they are most likely well-bleached 
(Galbraith, 1999). Three of these samples, UNL-4329, UNL-4330, and UNL-4357 barely 
surpass the overdispersion threshold, with values of 21.7, 23.4, and 22.5 respectively 
(Table 1).  UNL-4369 and UNL-4375 are potentially problematic, showing 
overdispersion values of 31.8 and 46.7, respectively.  These samples could be partially 
bleached, however other causes may explain these relatively high overdispersion rates as 
well.  The samples may have experienced post-depositional mixing of sediments of 
different depositional ages (Bateman et al., 2007) and/or had problematic dose rates.  
Either of these scenarios is possibly correct, but neither can be eliminated with the 
present data.  Nevertheless, the remaining twenty samples show overdispersion rates 
ranging from between 0.1-19.8 (Table 1), suggesting the samples were adequately 




Figure 13.  OSL age estimates with their 1 σ errors for twenty-five eolian samples 
collected from the Niobrara Valley Preserve, Brown County, Nebraska.  Grey bars 
represent the two most recent megadroughts identified from dunes in the Nebraska Sand 
Hills (Miao et al., 2007). 
 
Regional Climatic Comparison  
The activation chronology for the dune field on the Niobrara Valley Preserve is 
comparable to those of other studies conducted in the Nebraska Sand Hills, as well as for 
other dune fields across the Great Plains.  Pivotal studies in the Nebraska Sand Hills 
indicate four major eolian events occurred in the Holocene.  One event showed 
continuous drought between 9600 and 6500 years ago, while later eolian activity was 
centered around events at 3800, 2500, and 700 years ago (Goble et al., 2004; Mason et 
al., 2004; Miao et al., 2007).  The oldest eolian NVP age is approximately 2600 years old, 
36 
 
and falls within 1 σ error of the Sand Hills activation period that peaked around 2500 
years ago (Miao et al., 2007).  Additionally, Schmeisser McKean et al. (2015) dated a 
cross section over a large linear dune in the Sand Hills that shows two similar ages at 
approximately 2300 and 2800 years old.  These ages came from ~ 10 m below the 
surface, as did the 2600 year old NVP sample (Table 1).  
Two other periods of dune activation, 950-630 and 570-520 years ago, were 
recorded in this study (Figure 13).  The cluster spanning 950-630 years ago correspond 
within 1 σ error to other Sand Hills activity, especially the 700 year event (Miao et al., 
2007; Schmeisser McKean et al., 2015; Goble et al., 2004; Mason et al., 2004).  This 
synchronous regional activity is also shown in several other dune fields across the Great 
Plains (see review in Halfen and Johnson, 2013). 
Two dune fields adjacent to the Nebraska Sand Hills provide similar OSL ages.  
The Duncan dunes are located over 80 km to the southeast of the Sand Hills and OSL age 
estimates from this dune field identify a correlative period of activity from 800-500 years 
ago (Hanson, et al., 2009).  The Stanton dune field is another area yielding comparable 
eolian OSL ages, located about 145 km east of the Nebraska Sand Hills. Research 
conducted by Puta et al. (2013) indicates dune activity that occurred within the last 6000 
years.  Two young clusters of eolian ages show the Stanton dune field was active between 
950-630 and 510-410 years ago.  The NVP dune ages ranging from 950-630 years old 
overlap with others collected from the Duncan dunes and the Nebraska Sand Hills 
(Hanson et al., 2009; Mason et al., 2004; Miao et al., 2007; Forman et al., 2005). 
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The final NVP age cluster consists of four dune ages ranging from 570-520 years 
old. These ages were anomalously young and came from within ~2 meters of the ground 
surface as the uppermost samples within their respective cores.  Three of these four 
younger ages were found within the western portion of the dune field at NVPs 4, 5, and 9, 
while the last is from NVP 6 located in the eastern study area (Figures 10 & 12).  These 
ages do not correspond to any of the major droughts recorded in the Nebraska Sand Hills 
as reported by Miao et al. (2007), who suggest the last event ended ~600 years ago.  
Similarly, other studies have shown the last dune activation period for the Nebraska Sand 
Hills occurred prior to 650 years ago (Goble et al., 2004; Mason et al., 2004).  This 
apparent age discrepancy could possibly be explained by three other causes. 
The first possibility could be related to the shallow nature of the samples.  The 
ages may be too young based on the potential for post-burial disturbances that sometimes 
adversely impacts OSL ages collected from shallow depths (Bateman et al., 2007).  Post-
depositional bleaching, or partial bleaching, due to bioturbation or related factors, is a 
common problem that typically only occurs in samples collected from up to 1 m below 
the ground surface (Hanson, et al., 2015).  Therefore, post-depositional disturbance 
would likely only apply to UNL-4333, which returned an age of ~540 years from 0.9 m 
below the surface.  The others were obtained from greater depths, thus decreasing the 
likelihood that partial bleaching affected their ages.  Additionally, the overdispersion 
rates for these samples, which are lower <23%, suggest that post-burial disturbance most 
likely did not adversely impact OSL ages in this study (Table 1). 
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The second possibility is that these ages may appear younger than their actual 
depositional age due to other problems with OSL dating.  The potential for inaccurate 
moisture contents may be a possible explanation for relatively young ages assigned to 
UNL-4333 and UNL-4336.  They were among ten samples (UNL-4327 through UNL-
4336) that were assigned a moisture content value of 5%, based on measured values from 
other samples (Table 1).  The assigned 5% may have been far enough removed from the 
actual amount to produce inaccurate dose rate values.  However, the long-term moisture 
values are not likely to have been higher for these shallow samples as they were extracted 
from well-drained sandy soil, suggesting that this issue is not likely a problem for these 
or other samples.  Alternatively, inaccurate dose rate estimates derived from erroneous 
measurements of concentrations of K, U, and Th could cause such a problem.  However, 
the dose rate values are fairly uniform across the dune field (Table 1), and those for the 
young ages fall between 1.7- 2 Gy.  As these dose rate values are not appreciably 
different from those of older ages, it is not likely that inaccurate measurements of K, U, 
and Th produced inaccurate ages. 
Finally, the younger NVP ages are potentially accurate representations of eolian 
burial chronology.  This is the preferred interpretation, and the ages are therefore 
accepted as valid. Under this scenario the young ages may result from several 
possibilities.  The young ages may be attributed to potential differences in the timing of 
dune stabilization across the region.  Not all dunes may have ceased migration at any 
given location; some might have continued to move while others stabilized due to 
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differences in local environmental conditions such as differential vegetation expansion 
rates or varying rainfall amounts. 
Alternatively, the dunes could have been activated during later drought events.  In 
this scenario dunes may have stabilized throughout the region, but were reactivated 
locally due to more recent droughts.  Regional droughts impacted certain areas in the 
Great Plains sometime between 600-500 years ago, with varying results across several 
dune fields.  Effects from these droughts are the preferred explanation for the young NVP 
ages. Forman et al. (2005) documented dune reactivation in the Nebraska Sand Hills at 
approximately 470±70 years ago that correlates to an extensive North American drought 
recorded in tree rings (Stahle et al., 2000).  From elsewhere in Nebraska, both the Duncan 
and Stanton dunes show eolian ages overlapping with the youngest cluster of ages from 
NVP (Hanson et al., 2009; Puta et al., 2013). Records from the western Great Plains 
include activation within the past 600 years as well. Clarke and Rendell (2003) report 
dune activity in northeastern Colorado from ~600 years ago that lasted up to ~370 years 
ago at the Fort Morgan dunes.  These ages correspond to others from the Wray dune field 
in northeastern Colorado-southwestern Nebraska, showing activation around 540 years 
ago (Forman et al., 2005).  Evidence from Kansas also supports dune activity within the 
past 600 years, with a ~520 year old date from the Hutchinson dunes which may be 





Dune Stratigraphy and Formation 
 It is difficult to characterize how the linear dunes formed on the NVP due to the 
limitations of the data collected in this study.  However, based on field observations and 
the initial data, a preliminary interpretation suggests that the study area dunes are 
vegetated simple linear dunes using the terminology from Tsoar (1989).  LiDAR imagery 
reveals ‘Y’ junctions that open primarily to the west-southwest (Figure 2), and the overall 
dune morphology depicts generally straight dunes with rounded profiles.  This suggests 
the formational paleowinds were blowing from northwesterly and southerly directions, 
which correlates with other studies of ‘Y’ junction linear dunes in the Nebraska Sand 
Hills (Sridhar et al., 2006).  Located on the northern margin of the greater Nebraska Sand 
Hills, this dune field may have formed where sand supply was limited due to the adjacent 
vegetated landscape of the Niobrara Valley.  The simple vegetated linear dunes on the 
NVP may be representative of a transition zone between formerly free-flowing sand in 
the Sand Hills to the south and west and vegetated settings to the north and east. 
 Results obtained from the three Ground-Penetrating Radar (GPR) lines on the 
linear dunes at the Niobrara Valley Preserve reveal the internal stratigraphy within 
selected dunes. Many studies have previously shown that the internal structures of some 
linear dunes consist of bimodal dipping beds, which are resultant of the bidirectional 
winds that influence dune formation (Bagnold, 1941; McKee and Tibbitts, 1964).  
Previous investigations of linear dunes in the Nebraska Sand Hills also reveal bimodal 
dip directions within the cross-strata from a limited number of exposures (Sridhar et al., 
2006).  Exposures were not available at the NVP dune field, so GPR was utilized to 
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assess the cross-strata within several dunes.  Although based on a limited dataset of three 
GPR survey lines, none of these dunes exhibit bidirectional dip angles, and in fact all 
three GPR lines reveal unidirectional dip angles, with beds dipping to the south (Figures 
3, 4, & 5).  The southward dipping is strongest in the profiles for Lines 4 and 7, while 
that of Line 6 depicts only a few southward beds with others appearing to be primarily 
horizontal. 
 Two hypotheses on the occurrence of the unidirectional, rather than bidirectional, 
cross-strata emerge from the current data from the NVP dunes.  One possible explanation 
could be that recent dune reactivation occurred after initial stabilization ~500 years ago, 
obscuring any previously bidirectional bedding.  Historical accounts indicate some dune 
crests in the Nebraska Sand Hills were grass-free during the 19th century (Muhs and 
Holliday, 1995).  It is possible that the NVP dunes were reactivated, and that the 
southward unidirectional dipping was a result of that temporary destabilization.  The 
south-dipped beds were targeted for OSL dating to see if ages would reflect instances of 
reactivation that may have occurred after the primary deposition of the dunes.  These 
samples were extracted from about 1 meter below the surface, and the ages from the 
dipping beds were no different from those obtained at greater depths (as much as 10 m) 
within the surrounding dunes (Table 1).  Therefore, the targeted OSL ages do not depict 
dune reactivation from the unimodal beds, thus resulting in a rejection of this hypothesis. 
 The other interpretation of the NVP GPR profiles suggests these linear dunes did 
not fully develop due to a short period in which the dunes may have formed.  This 
interpretation involves the five-stage model of linear dune evolution as described by 
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Bristow et al (2000).  Their model is based on five GPR profiles taken across a sinuous 
linear dune in the Namib sand sea (Figure 14).  Similar to this study, the majority of the 
GPR lines were obtained with 100 MHz antennae that showed excellent resolution of 
dune stratigraphy.  The lines were collected from the north to the south ends of the dune, 
moving from low relief and no visible bedding to elevations up to 10 mhigh that exhibit 
more complex and bidirectional bedding.  They used these results to develop the five-
stage linear dune model discussed below.  
The five-stage linear dune model assumes bidirectional flow as the driver of dune 
formation.  According to Bristow and others (2000), the first stage of linear dune 
evolution is merely a plume of wind-rippled sand with no predominant bed forms.  Stage 
2 reveals simple beds of cross-stratification that dip in one direction, which the authors 
interpret as resembling that of a transverse dune.  As the dune develops, the sinuous 
crest-line will become laterally displaced as it enters Stage 3, resulting in the first 
appearance of bidirectional dips.  Stage 4 brings about the development of superimposed 
dunes along the dune flanks, which eventually grow into Stage 5 complex linear 
megadunes. These megadunes are dominated by sets of bidirectional cross-stratification 
from the superimposed dunes.  
On the basis of this model, the NVP GPR profiles most closely resemble the 
descriptions for Stage 2 of linear dune development. If the profiles in this study are 
indeed representative of Stage 2 linear dunes, it is possible that the eolian activity that 
drove their formation ended before they could develop more fully and grow into Stage 5 




                    
Figure 14.  The Bristow et al. (2000; figure 3) model for linear dunes, produced on the 
basis of six GPR profiles across a single linear dune in the Namib sand sea. 
 
additional GPR data to assess the internal stratigraphy of other linear dunes from the 
NVP.  There are several potential reasons why these dunes may not have evolved into 
Stage 5 linear dunes.  One possibility is that the wind regime could have changed over 
the course of the formational drought, thus ‘abandoning’ these linear dunes at an early 
stage.  Another explanation may involve drought length.  The prevalent drought 
conditions at the time of the NVP linear dune formation may have ended before the dunes 
were able to reach Stage 5.  Finally, with the cessation of drought and subsequent 
increase in regional precipitation, the dunes may have lost much of their sand supply to 
the resultant growth of vegetation, thus limiting the time in which these dunes could 
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form.  However, without additional data it is impossible to decipher between the different 
hypotheses presented in this discussion. 
 
Conclusions 
  This study is a first step toward the comprehensive investigations of linear dune 
fields in the Nebraska Sand Hills. The results presented in this thesis contribute to the 
overall knowledge of the geologic history of the Nebraska Sand Hills, while also raising 
further questions that present opportunity for further investigations. The linear dune field 
selected for this study is located approximately 1-4 kilometers south of the Niobrara 
River, along the margin of the northwestern portion of the Nebraska Sand Hills. This 
dune field presents a unique setting, as the dunes are not superimposed onto other dune 
forms, unlike many linear dunes previously studied in the Nebraska Sand Hills. Twenty-
four OSL ages for the NVP linear dune field indicate that eolian activity occurred 
approximately 2600 years ago and again between 950 and 520 years ago. The NVP dune 
activity recorded at approximately 500 years ago may have been reactivation following 
the Medieval Warm Period droughts.  The ages of the NVP dunes correlate to other 
periods of drought and dune activity throughout the Nebraska Sand Hills and other dune 
fields within the Great Plains.  The OSL chronology also concluded that a Pleistocene-era 
Niobrara River deposited the alluvial sediments underlying the NVP dunes from four 
sample ages dating between 23,000-15,300 years ago.  Although few studies have 
investigated older Niobrara River alluvium, the ages produced in this study are 
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correlative to others obtained from nearby terraces and underlying the dunes in the 
region. 
 Many questions about the formation of the NVP linear dunes remain.  The 
interpretation of their internal stratigraphies is still unclear.  The dunes are preliminarily 
interpreted to be simple, vegetated linear dunes that exhibit characteristic ‘Y’ junctions.  
These ‘Y’ junctions open to the upwind direction, which show that formational winds 
were blowing from northwesterly and southerly directions.  LiDAR also showed each ‘Y’ 
junction dune form is comprised of a smaller arm that formed to the north of the larger 
one.  The northerly crests are 1-2 meters lower than their southerly counterparts.  The 
distance between the two crests of each arm of the ‘Y’ junction ranges from 80-90 
meters.  Three GPR surveys of different dunes indicate strong southward-dipping 
bedding planes.  These results contrast with long-upheld models of linear dune 
stratigraphy, which depict bidirectional dipping due to bimodal formational winds. 
Indeed, other studies of linear dunes in the Nebraska Sand Hills have shown bimodal dip 
directions that reflect two opposing wind directions (Sridhar et al., 2006).  The 
unidirectional cross-strata in the dunes are attributed to a cessation of eolian activity 
while the dunes were still in an early formational stage (see Bristow et al., 2000).  
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Particle Size Analysis 
Data 
60




















 40 2 4 94 8 44 45 4 
 70 0 0 100 12 56 42 0 
 100 0 0 100 2 30 53 17 
 130 0 0 100 3 40 57 7 
 190 0 0 100 2 39 60 6 
 225 0 0 100 5 55 51 1 
 255 0 0 100 12 59 39 0 
 295 0 0 100 2 47 59 2 
 350 0 1 99 7 45 49 5 
 395 0 0 100 4 48 55 2 
 425 0 0 100 2 25 45 27 
 455 0 1 99 6 38 48 12 
 510 0 0 100 6 62 46 0 
 540 0 0 100 4 27 44 25 
 570 0 0 100 4 36 51 12 
 685 0 0 100 7 48 48 5 
 715 0 0 100 18 68 26 0 
 745 0 0 100 4 45 54 4 
 800 0 0 100 2 38 57 8 
 820 0 1 99 15 37 36 14 
 850 0 2 98 3 36 52 11 
 880 0 0 100 1 37 60 7 
 910 0 1 99 0 22 56 20 
 1000 0 1 99 0 20 50 27 
 1030 2 7 91 6 15 34 33 























 60 0 0 0 12 42 38 5 
 90 coarse 0 0 6 45 50 4 
 120 3 0 0 12 40 38 6 
 200 2 0 0 14 48 37 2 
 230 6 0 0 11 49 41 2 
 260 20 0 0 3 17 38 32 
 290 22 0 0 4 24 40 24 
 350 15 0 0 4 26 42 21 
 380 30 0 0 3 20 36 35 
 415 11 0 0 3 18 38 33 
 445 8 0 0 1 20 42 29 
 520 16 0 0 8 48 48 3 
 550 11 0 0 6 26 34 29 
 580 26 0 0 2 9 29 51 
 670 30 0 0 5 30 43 16 
61
NVP 7 700 10 0 0 1 27 53 18 
(cont.) 745 39 0 0 2 13 35 37 
 810 1 0 0 18 32 26 9 
 840 2 0 0 13 37 35 9 
 870 20 0 0 4 24 40 26 
 900 3 5 92 11 35 37 12 
 1000 0 1 99 21 51 34 2 
 1035 2 4 94 4 29 42 19 
 1135 2 3 95 4 25 40 26 
 1165 2 4 94 3 19 35 34 
 1195 8 9 83 17 36 29 6 





















 45 0 0 0 9 41 40 3 
 75 0 Clay Silt 9 47 42 2 
 105 0 4 9 13 42 38 6 
 140 0 3 5 6 27 38 20 
 185 0 2 4 5 27 40 22 
 215 0 3 6 5 34 45 15 
 245 0 2 4 3 23 39 30 
 275 0 1 2 8 38 43 11 
 375 0 1 2 6 40 47 8 
 420 0 2 2 5 33 45 16 
 515 0 2 2 7 35 43 11 
 545 0 2 2 3 24 41 26 
 575 0 2 4 4 23 38 30 
 605 0 3 3 3 35 52 10 
 680 0 2 3 2 16 36 39 
 710 0 2 2 13 47 37 1 
 750 0 1 2 10 48 41 2 
 815 0 3 6 9 28 34 20 
 845 0 3 4 16 45 35 4 
 875 0 2 7 16 49 35 1 
 905 0 3 5 18 46 33 1 
 985 0 2 4 14 50 37 1 
 1020 0 3 7 12 56 38 0 
 1050 0 2 4 15 51 37 1 
 1130 0 2 3 19 41 29 1 
 1160 0 2 3 13 40 37 4 
 1190 0 7 9 16 40 33 3 
 1205 7 10 82 16 43 35 3 




















 60 0 0 0 9 41 44 6 
 90 0 4 5 6 43 49 6 
 140 0 1 2 8 50 49 3 
 200 0 3 6 12 51 42 2 
 230 0 3 4 14 50 40 2 
 260 0 2 3 9 49 47 4 
 290 0 2 5 6 46 51 4 
 360 0 2 5 6 52 51 1 
 390 0 2 5 3 30 48 19 
 420 0 1 2 9 42 47 7 
 450 0 2 3 1 32 59 11 
 530 0 2 3 4 39 52 8 
 560 0 0 1 6 49 51 3 
 590 0 2 3 5 44 53 5 
 680 0 0 2 13 50 43 2 
 710 0 5 3 1 41 64 3 
 740 0 1 2 7 53 49 1 
 840 0 5 4 3 30 51 17 
 870 0 5 14 5 49 53 2 
 900 0 3 6 21 50 35 0 
 970 0 2 4 0 12 42 39 
 1000 0 3 5 2 33 54 13 
 1030 0 0 1 7 48 50 3 
 1060 0 2 4 0 14 48 33 
 1100 0 2 3 0 20 54 24 
 1130 0 2 4 0 19 48 29 
 1160 0 8 9 3 31 52 14 























 60 2 5 93 10 42 42 5 
 90 0 1 99 11 50 44 3 
 120 0 0 100 10 49 46 3 
 150 0 1 99 10 48 46 3 
 200 0 0 100 16 56 38 0 
 230 0 0 100 16 62 33 0 
 260 0 0 100 13 64 35 0 
 290 0 0 100 8 49 49 3 
 380 0 0 100 3 43 56 5 
 420 0 1 99 9 41 44 9 
 450 0 1 99 11 49 44 3 
 520 0 0 100 18 63 30 0 
 550 0 0 100 8 45 48 5 
 580 0 0 100 14 54 40 1 
 660 0 0 100 16 47 40 3 
63
NVP 10 710 0 0 100 11 49 44 4 
(cont.) 740 1 3 96 6 32 47 14 
 790 0 0 100 0 20 60 18 
 820 0 0 100 0 27 72 6 
 850 0 0 100 4 31 47 18 
 880 0 0 100 6 44 52 5 
 910 0 0 100 13 56 41 1 
 980 1 5 94 12 44 41 4 
 1010 0 1 99 2 34 57 10 























 60 1 2 97 8 52 46 1 
 90 0 1 99 11 52 43 2 
 130 0 0 100 4 47 55 3 
 230 0 0 100 10 51 47 2 
 260 0 0 100 11 61 40 0 
 290 0 1 99 11 50 43 3 
 380 0 0 100 7 48 49 4 
 410 0 0 100 4 54 53 1 
 440 0 0 100 20 53 34 1 
 530 0 0 100 16 57 37 0 
 560 0 0 100 4 37 51 12 
 590 0 0 100 13 47 42 4 
 670 0 0 100 22 61 27 0 
 700 0 0 100 17 49 39 3 
 730 0 0 100 7 59 47 0 
 760 0 0 100 15 55 38 2 
 830 0 0 100 12 56 41 0 
 860 0 0 100 5 26 40 28 
 890 0 0 100 16 61 34 0 
 980 0 0 100 7 41 48 9 
 1030 0 0 100 16 55 38 1 
 1060 0 3 97 29 48 26 1 
 1120 0 0 100 18 65 28 0 
 1150 0 0 100 17 47 39 3 
 1180 0 0 100 10 39 43 11 




















 60 1 4 94 16 46 37 2 
 90 0 1 99 11 41 42 10 
 120 0 0 100 8 45 47 6 
 200 0 0 100 6 38 48 12 
 230 0 0 100 7 42 51 6 
 260 0 0 100 10 44 46 6 
 290 0 0 100 6 36 47 13 
 360 0 0 100 10 52 46 2 
 390 0 0 100 7 51 50 2 
 430 0 0 100 5 38 48 14 
 530 0 0 100 13 56 41 1 
 560 0 0 100 7 46 50 5 
 590 0 0 100 17 55 36 1 
 690 0 0 100 3 39 52 10 
 730 0 0 100 22 58 30 0 
 760 0 1 99 14 39 37 12 
 810 0 1 99 6 41 48 9 
 840 0 1 99 2 25 46 25 
 870 0 1 99 8 42 47 8 
 900 0 1 99 7 33 42 18 
 960 0 2 98 21 53 31 1 
 990 0 1 99 14 30 32 23 
 1020 0 4 96 9 24 37 24 
 1050 0 2 98 11 38 43 10 
 1110 0 1 99 8 43 48 6 
 1140 0 1 99 12 33 36 20 
 1170 0 1 99 15 42 39 9 


























All Disks    Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
 
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 1.29 0.661 Mean = 1.30 0.666 0.198 0.058 
 
Median = 1.35 0.689 Median = 1.35 0.693   
 
Min = 0.23 0.117 Min = 0.52 0.268   
 
Max = 4.13 2.116 Max = 2.23 1.142   
 S.D. (1σ) = 0.63  S.D. (1σ) = 0.38  Dose Rate = 1.953 
 
Std. Error = 0.10  Std. Error (1σs)= 0.07    
 
Error Median = 0.46  Error Median = 0.43    
 
























+/- 1 σ 
1 0.436 11.22 1 0.223 2.30 1 1.025 0.93 1 0.525 0.73 
2 4.131 11.11 1 2.116 7.54 2 0.524 0.45 1 0.268 2.07 
3 1.626 13.68 1 0.832 0.86 3 1.413 0.30 1 0.723 0.30 
4 1.025 0.93 1 0.525 0.73 4 1.353 0.73 1 0.693 0.14 
5 0.524 0.45 1 0.268 2.07 5 0.928 0.71 1 0.475 0.99 
6 1.413 0.30 1 0.723 0.30 6 1.532 0.42 1 0.785 0.62 
7 1.353 0.73 1 0.693 0.14 7 1.413 0.23 1 0.724 0.30 
8 0.928 0.71 1 0.475 0.99 8 1.862 0.56 1 0.953 1.49 
9 1.532 0.42 1 0.785 0.62 9 1.550 0.91 1 0.794 0.66 
10 1.413 0.23 1 0.724 0.30 10 0.912 0.02 1 0.467 1.04 
11 1.862 0.56 1 0.953 1.49 11 1.436 0.16 1 0.735 0.36 
12 1.550 0.91 1 0.794 0.66 12 0.968 0.35 1 0.496 0.89 
13 0.912 0.02 1 0.467 1.04 13 1.362 0.62 1 0.697 0.16 
14 1.436 0.16 1 0.735 0.36 14 1.028 0.15 1 0.526 0.73 
15 0.968 0.35 1 0.496 0.89 15 1.597 0.10 1 0.818 0.79 
16 1.362 0.62 1 0.697 0.16 16 2.231 0.43 1 1.142 2.48 
17 1.028 0.15 1 0.526 0.73 17 1.232 0.10 1 0.631 0.18 
18 1.597 0.10 1 0.818 0.79 18 1.887 0.26 1 0.966 1.56 
19 2.231 0.43 1 1.142 2.48 19 1.360 0.37 1 0.697 0.16 
20 1.232 0.10 1 0.631 0.18 20 1.447 0.18 1 0.741 0.39 
21 1.887 0.26 1 0.966 1.56 21 1.274 0.66 1 0.652 0.07 
22 1.495 0.35 1 0.766 0.52 22 0.911 1.00 1 0.466 1.04 
23 1.360 0.37 1 0.697 0.16 23 0.985 0.07 1 0.504 0.84 
24 0.476 0.31 1 0.244 2.20 24 0.547 0.54 1 0.280 2.01 
25 1.447 0.18 1 0.741 0.39 25 1.481 0.62 1 0.759 0.48 
26 1.274 0.66 1 0.652 0.07 26 1.191 0.49 1 0.610 0.29 
27 0.911 1.00 1 0.466 1.04 27 1.561 0.42 1 0.800 0.69 
28 0.985 0.07 1 0.504 0.84 28 1.582 0.82 1 0.810 0.75 
29 1.159 0.93 1 0.594 0.38 29 1.835 0.39 1 0.940 1.42 
30 1.359 0.34 1 0.696 0.15 30 1.235 1.02 1 0.633 0.17 
31 0.547 0.54 1 0.280 2.01 31 0.863 0.30 1 0.442 1.17 
32 1.481 0.62 1 0.759 0.48 32 1.340 0.69 1 0.686 0.10 
33 1.191 0.49 1 0.610 0.29 33 1.062 0.48 1 0.544 0.64 
34 1.561 0.42 1 0.800 0.69       
35 0.393 0.49 1 0.201 2.42       
36 1.582 0.82 1 0.810 0.75       
37 1.835 0.39 1 0.940 1.42       
38 1.235 1.02 1 0.633 0.17       
39 0.863 0.30 1 0.442 1.17       
40 0.229 0.95 1 0.117 2.85       
41 1.340 0.69 1 0.686 0.10       





























































All Disks    Weighted Disks   Total Errors  
 
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 2.29 1.062 
  
Mean = 1.65 0.767 0.546 0.112 
 
Median = 1.40 0.652   Median = 1.41 0.656   
 
Min = 0.00 0.000   Min = 0.78 0.360   
 
Max = 29.48 13.680   Max = 7.62 3.538   
 S.D. (1σ) = 4.55    S.D. (1σ) = 1.17  Dose Rate = 2.155 0.128 
 
Std. Error = 0.70    Std. Error (1σs)= 0.21    
 
Error Median = 0.48    Error Median = 0.42    
 
n = 42 Discs   n = 31 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ 
1 8.103 13.02 1 3.760 5.50 1 1.328 0.24 1 0.616 0.28 
2 0.497 11.15 1 0.231 0.99 2 1.858 0.65 1 0.862 0.17 
3 0.680 10.97 1 0.315 0.83 3 1.232 0.45 1 0.572 0.36 
4 1.328 0.24 1 0.616 0.28 4 0.776 0.61 1 0.360 0.75 
5 1.858 0.65 1 0.862 0.17 5 7.625 0.02 1 3.538 5.10 
6 1.148 1.21 1 0.533 0.43 6 1.013 1.00 1 0.470 0.55 
7 1.232 0.45 1 0.572 0.36 7 1.277 0.51 1 0.592 0.32 
8 0.776 0.61 1 0.360 0.75 8 1.414 0.50 1 0.656 0.20 
9 1.564 1.12 1 0.726 0.08 9 1.539 0.25 1 0.714 0.10 
10 7.625 0.02 1 3.538 5.10 10 1.629 0.35 1 0.756 0.02 
11 1.013 1.00 1 0.470 0.55 11 1.639 0.08 1 0.760 0.01 
12 0.667 0.69 1 0.310 0.84 12 0.943 0.11 1 0.437 0.61 
13 1.277 0.51 1 0.592 0.32 13 2.545 0.37 1 1.181 0.76 
14 1.414 0.50 1 0.656 0.20 14 1.252 0.24 1 0.581 0.34 
15 1.539 0.25 1 0.714 0.10 15 1.396 0.05 1 0.648 0.22 
16 1.629 0.35 1 0.756 0.02 16 1.413 0.09 1 0.656 0.21 
17 0.000 0.39 1 0.000 1.41 17 1.566 0.27 1 0.727 0.08 
18 1.639 0.08 1 0.760 0.01 18 1.868 0.94 1 0.867 0.18 
19 0.943 0.11 1 0.437 0.61 19 1.434 0.40 1 0.665 0.19 
20 2.545 0.37 1 1.181 0.76 20 1.414 0.69 1 0.656 0.21 
21 1.252 0.24 1 0.581 0.34 21 1.507 0.85 1 0.699 0.13 
22 1.396 0.05 1 0.648 0.22 22 1.362 0.42 1 0.632 0.25 
23 1.413 0.09 1 0.656 0.21 23 1.528 0.52 1 0.709 0.11 
24 1.566 0.27 1 0.727 0.08 24 1.228 0.21 1 0.570 0.36 
25 1.868 0.94 1 0.867 0.18 25 1.448 0.92 1 0.672 0.18 
26 1.434 0.40 1 0.665 0.19 26 2.021 0.37 1 0.938 0.31 
27 0.648 1.11 1 0.301 0.86 27 1.154 0.61 1 0.536 0.43 
28 1.414 0.69 1 0.656 0.21 28 1.219 0.39 1 0.566 0.37 
29 1.507 0.85 1 0.699 0.13 29 1.472 0.43 1 0.683 0.16 
30 1.362 0.42 1 0.632 0.25 30 0.845 0.50 1 0.392 0.69 
31 0.661 1.14 1 0.307 0.85 31 2.330 0.44 1 1.081 0.58 
32 1.528 0.52 1 0.709 0.11      
33 1.228 0.21 1 0.570 0.36      
34 1.448 0.92 1 0.672 0.18      
35 2.021 0.37 1 0.938 0.31      
36 29.484 0.09 1 13.680 23.75      
37 1.154 0.61 1 0.536 0.43      
38 1.219 0.39 1 0.566 0.37      
39 1.397 1.25 1 0.648 0.22      
40 1.472 0.43 1 0.683 0.16      
41 0.845 0.50 1 0.392 0.69      




























































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 1.00 0.582 
  
Mean = 1.30 0.776 0.142 0.059 
 
Median = 1.08 0.631   Median = 1.32 0.766  
 
Min = -0.90 -0.522   Min = 0.71 0.412  
 
Max = 3.13 1.820   Max = 1.93 1.127  
 S.D. (1σ) = 0.55    S.D. (1σ) = 0.23  Dose Rate = 1.717 0.101 
 
Std. Error = 0.08    Std. Error (1σs)= 0.04    
 
Error Median = 0.50    Error Median = 0.46    
 
n = 54 Discs   n = 35 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 -0.896 16.48 1 -0.522 9.77 1 1.304 0.83 1 0.760 0.00  
2 0.473 16.89 1 0.275 3.69 2 0.727 0.62 1 0.423 2.56  
3 0.267 14.21 1 0.156 4.61 3 0.708 0.21 1 0.412 2.65  
4 0.663 0.30 1 0.386 2.85 4 1.065 0.61 1 0.620 1.06  
5 0.840 0.35 1 0.489 2.06 5 1.536 0.46 1 0.895 1.03  
6 0.733 0.78 1 0.427 2.53 6 1.124 0.34 1 0.655 0.80  
7 0.825 0.40 1 0.481 2.13 7 1.441 0.05 1 0.839 0.61  
8 1.304 0.83 1 0.760 0.00 8 1.379 0.13 1 0.803 0.33  
9 0.707 0.29 1 0.412 2.65 9 1.106 0.46 1 0.644 0.88  
10 0.522 0.26 1 0.304 3.47 10 1.315 0.36 1 0.766 0.05  
11 0.665 0.74 1 0.387 2.84 11 1.189 0.65 1 0.692 0.51  
12 0.727 0.62 1 0.423 2.56 12 1.457 0.45 1 0.848 0.68  
13 0.907 0.68 1 0.528 1.76 13 1.472 0.57 1 0.858 0.75  
14 0.641 1.21 1 0.373 2.94 14 1.420 0.56 1 0.827 0.51  
15 0.708 0.21 1 0.412 2.65 15 1.408 0.41 1 0.820 0.46  
16 0.460 0.70 1 0.268 3.75 16 1.103 0.57 1 0.643 0.89  
17 0.631 0.45 1 0.368 2.99 17 1.182 0.51 1 0.689 0.54  
18 0.220 1.65 1 0.128 4.82 18 1.353 0.51 1 0.788 0.22  
19 1.065 0.61 1 0.620 1.06 19 1.254 0.22 1 0.730 0.22  
20 0.430 0.64 1 0.250 3.88 20 1.935 0.57 1 1.127 2.80  
21 0.546 0.65 1 0.318 3.36 21 1.132 0.27 1 0.659 0.77  
22 0.402 0.10 1 0.234 4.01 22 1.368 0.60 1 0.797 0.29  
23 0.754 0.24 1 0.439 2.44 23 1.540 0.53 1 0.897 1.05  
24 0.678 0.52 1 0.395 2.78 24 1.206 0.50 1 0.703 0.43  
25 0.637 0.23 1 0.371 2.96 25 1.313 0.49 1 0.765 0.04  
26 0.758 0.43 1 0.442 2.42 26 1.296 0.69 1 0.755 0.04  
27 1.009 0.24 1 0.587 1.31 27 1.360 0.22 1 0.792 0.25  
28 0.593 0.73 1 0.345 3.16 28 1.302 0.29 1 0.758 0.01  
29 1.536 0.46 1 0.895 1.03 29 1.326 0.34 1 0.772 0.10  
30 1.124 0.34 1 0.655 0.80 30 1.376 0.09 1 0.801 0.32  
31 1.441 0.05 1 0.839 0.61 31 1.431 0.51 1 0.834 0.57  
32 1.379 0.13 1 0.803 0.33 32 1.546 0.16 1 0.900 1.08  
33 1.106 0.46 1 0.644 0.88 33 1.287 0.22 1 0.750 0.07  
34 1.315 0.36 1 0.766 0.05 34 1.555 0.60 1 0.905 1.11  
35 1.374 0.75 1 0.800 0.31 35 1.119 0.40 1 0.652 0.82  
36 1.189 0.65 1 0.692 0.51       
37 1.457 0.45 1 0.848 0.68       
38 1.472 0.57 1 0.858 0.75       
39 1.420 0.56 1 0.827 0.51       
40 1.408 0.41 1 0.820 0.46       
41 1.103 0.57 1 0.643 0.89       
42 1.182 0.51 1 0.689 0.54       
43 1.353 0.51 1 0.788 0.22       
44 1.254 0.22 1 0.730 0.22       
45 1.935 0.57 1 1.127 2.80       
46 1.132 0.27 1 0.659 0.77       
47 1.368 0.60 1 0.797 0.29       
48 1.540 0.53 1 0.897 1.05       
49 1.206 0.50 1 0.703 0.43       
50 3.126 0.22 1 1.820 8.09       
51 1.313 0.49 1 0.765 0.04       
52 1.296 0.69 1 0.755 0.04       
53 1.360 0.22 1 0.792 0.25       





















































All Disks Weighted Disks Total Errors 
De (Gy) Age (ka) De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 Mean = 1.50 0.801    Mean = 1.20 0.629 0.227 0.061  
Median = 1.23 0.657    Median = 1.17 0.626   
Min = 0.34 0.180    Min = 0.56 0.297   
Max = 6.67 3.561    Max = 2.17 1.158   
S.D. (1σ) = 1.11     S.D. (1σ) = 0.42  Dose Rate = 1.872 0.112 
Std. Error = 0.18     Std. Error (1σs)= 0.07     
Error Median = 0.57     Error Median = 0.48     
n = 39 Discs    n = 31 Discs    
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 6.665 16.26 1 3.561 13.17 1 1.172 0.17 1 0.626 0.06  
2 2.705 10.49 1 1.445 3.63 2 1.388 0.73 1 0.742 0.46  
3 3.758 12.98 1 2.008 6.17 3 2.168 0.82 1 1.158 2.34  
4 1.172 0.17 1 0.626 0.06 4 1.385 0.54 1 0.740 0.46  
5 1.388 0.73 1 0.742 0.46 5 0.972 0.64 1 0.519 0.54  
6 2.168 0.82 1 1.158 2.34 6 0.718 0.34 1 0.384 1.15  
7 1.385 0.54 1 0.740 0.46 7 1.218 0.10 1 0.651 0.05  
8 0.972 0.64 1 0.519 0.54 8 1.023 0.72 1 0.546 0.42  
9 1.761 1.33 1 0.941 1.36 9 2.135 0.13 1 1.141 2.26  
10 0.718 0.34 1 0.384 1.15 10 1.358 0.43 1 0.725 0.39  
11 1.218 0.10 1 0.651 0.05 11 1.144 0.57 1 0.611 0.13  
12 1.294 1.17 1 0.691 0.24 12 1.167 0.22 1 0.623 0.07  
13 1.023 0.72 1 0.546 0.42 13 0.988 0.48 1 0.528 0.50  
14 2.135 0.13 1 1.141 2.26 14 1.271 0.02 1 0.679 0.18  
15 1.358 0.43 1 0.725 0.39 15 0.743 0.44 1 0.397 1.09  
16 1.144 0.57 1 0.611 0.13 16 0.556 0.73 1 0.297 1.54  
17 1.167 0.22 1 0.623 0.07 17 0.934 0.79 1 0.499 0.63  
18 0.988 0.48 1 0.528 0.50 18 0.592 0.98 1 0.316 1.45  
19 1.271 0.02 1 0.679 0.18 19 1.045 0.90 1 0.558 0.36  
20 0.743 0.44 1 0.397 1.09 20 1.872 1.04 1 1.000 1.63  
21 0.556 0.73 1 0.297 1.54 21 1.219 0.27 1 0.651 0.06  
22 0.934 0.79 1 0.499 0.63 22 0.735 0.56 1 0.393 1.11  
23 0.592 0.98 1 0.316 1.45 23 0.621 0.60 1 0.331 1.39  
24 1.045 0.90 1 0.558 0.36 24 1.231 0.19 1 0.657 0.08  
25 1.872 1.04 1 1.000 1.63 25 1.406 0.75 1 0.751 0.51  
26 1.219 0.27 1 0.651 0.06 26 1.528 0.44 1 0.816 0.80  
27 0.735 0.56 1 0.393 1.11 27 1.428 0.21 1 0.763 0.56  
28 0.621 0.60 1 0.331 1.39 28 1.086 0.19 1 0.580 0.26  
29 1.231 0.19 1 0.657 0.08 29 0.795 0.61 1 0.424 0.97  
30 3.529 0.71 1 1.885 5.62 30 1.837 0.24 1 0.981 1.54  
31 0.336 0.74 1 0.180 2.07 31 1.343 0.29 1 0.718 0.35  
32 1.406 0.75 1 0.751 0.51        
33 1.528 0.44 1 0.816 0.80        
34 1.428 0.21 1 0.763 0.56        
35 1.336 0.06 1 0.714 0.34        
36 1.086 0.19 1 0.580 0.26        
37 0.795 0.61 1 0.424 0.97        
38 1.837 0.24 1 0.981 1.54        


























































All Disks Weighted Disks Total Errors 
De (Gy) Age (ka) De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 Mean = 1.26 0.659    Mean = 1.18 0.629 0.096 0.048  
Median = 1.14 0.595    Median = 1.20 0.626   
Min = 0.15 0.078    Min = 0.88 0.460   
Max = 4.85 2.536    Max = 1.49 0.778   
S.D. (1σ) = 0.78     S.D. (1σ) = 0.16  Dose Rate = 1.912 0.116 
Std. Error = 0.11     Std. Error (1σs)= 0.03     
Error Median = 0.64     Error Median = 0.47     
n = 54 Discs    n = 36 Discs    
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 4.847 13.46 1 2.536 22.82 1 1.079 0.11 1 0.564 0.62  
2 3.321 12.15 1 1.737 13.33 2 1.034 0.63 1 0.541 0.90  
3 4.264 16.71 1 2.230 19.19 3 1.279 0.66 1 0.669 0.63  
4 0.608 0.99 1 0.318 3.55 4 1.028 0.99 1 0.538 0.94  
5 1.079 0.11 1 0.564 0.62 5 0.990 0.75 1 0.518 1.17  
6 1.034 0.63 1 0.541 0.90 6 1.111 0.28 1 0.581 0.42  
7 1.279 0.66 1 0.669 0.63 7 1.050 0.68 1 0.549 0.80  
8 1.142 1.23 1 0.597 0.23 8 0.923 0.82 1 0.483 1.59  
9 1.028 0.99 1 0.538 0.94 9 1.134 0.65 1 0.593 0.28  
10 0.990 0.75 1 0.518 1.17 10 1.248 0.43 1 0.653 0.43  
11 1.111 0.28 1 0.581 0.42 11 1.059 0.99 1 0.554 0.74  
12 0.561 0.64 1 0.293 3.84 12 1.041 0.52 1 0.544 0.86  
13 1.050 0.68 1 0.549 0.80 13 1.225 0.03 1 0.641 0.29  
14 0.923 0.82 1 0.483 1.59 14 1.199 0.12 1 0.627 0.12  
15 1.134 0.65 1 0.593 0.28 15 1.228 0.43 1 0.642 0.31  
16 1.248 0.43 1 0.653 0.43 16 1.013 0.33 1 0.530 1.03  
17 1.059 0.99 1 0.554 0.74 17 1.456 0.01 1 0.761 1.72  
18 1.041 0.52 1 0.544 0.86 18 1.441 0.65 1 0.754 1.63  
19 0.967 1.02 1 0.506 1.31 19 1.027 1.13 1 0.537 0.94  
20 1.225 0.03 1 0.641 0.29 20 1.120 0.91 1 0.586 0.36  
21 1.119 0.45 1 0.585 0.37 21 1.196 0.62 1 0.626 0.11  
22 1.199 0.12 1 0.627 0.12 22 1.243 0.30 1 0.650 0.40  
23 1.228 0.43 1 0.642 0.31 23 1.368 0.51 1 0.716 1.18  
24 1.368 0.54 1 0.716 1.18 24 1.328 0.54 1 0.694 0.93  
25 0.416 1.40 1 0.217 4.75 25 1.268 0.74 1 0.663 0.55  
26 1.013 0.33 1 0.530 1.03 26 1.166 0.42 1 0.610 0.08  
27 1.456 0.01 1 0.761 1.72 27 1.294 0.34 1 0.677 0.72  
28 1.441 0.65 1 0.754 1.63 28 1.113 0.68 1 0.582 0.41  
29 1.027 1.13 1 0.537 0.94 29 1.300 0.30 1 0.680 0.76  
30 1.120 0.91 1 0.586 0.36 30 1.212 0.11 1 0.634 0.21  
31 1.196 0.62 1 0.626 0.11 31 1.460 0.26 1 0.764 1.75  
32 1.243 0.30 1 0.650 0.40 32 1.275 0.40 1 0.667 0.60  
33 1.871 0.76 1 0.979 4.31 33 1.271 0.31 1 0.665 0.57  
34 0.350 0.96 1 0.183 5.16 34 1.487 0.19 1 0.778 1.92  
35 0.150 0.99 1 0.078 6.40 35 0.879 0.88 1 0.460 1.86  
36 0.996 1.82 1 0.521 1.14 36 0.881 0.43 1 0.461 1.85  
37 0.979 1.92 1 0.512 1.24        
38 1.272 1.52 1 0.665 0.58        
39 0.919 1.39 1 0.480 1.62        
40 1.368 0.51 1 0.716 1.18        
41 1.328 0.54 1 0.694 0.93        
42 1.268 0.74 1 0.663 0.55        
43 1.166 0.42 1 0.610 0.08        
44 1.294 0.34 1 0.677 0.72        
45 1.113 0.68 1 0.582 0.41        
46 1.300 0.30 1 0.680 0.76        
47 0.420 0.46 1 0.220 4.72        
48 1.212 0.11 1 0.634 0.21        
49 1.460 0.26 1 0.764 1.75        
50 1.275 0.40 1 0.667 0.60        
51 1.271 0.31 1 0.665 0.57        
52 1.487 0.19 1 0.778 1.92        
53 0.879 0.88 1 0.460 1.86        









    
 









































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 1.24 0.712 
  
Mean = 1.10 0.635 0.159 0.052 
 
Median = 1.09 0.625   Median = 1.13 0.648  
 
Min = 0.32 0.184   Min = 0.53 0.304  
 
Max = 6.11 3.518   Max = 1.68 0.969  
 S.D. (1σ) = 1.02    S.D. (1σ) = 0.26  Dose Rate = 1.738 0.104 
 
Std. Error = 0.15    Std. Error (1σs)= 0.04    
 
Error Median = 0.56    Error Median = 0.51    
 
n = 49 Discs   n = 38 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 6.115 12.91 1 3.518 18.98 1 1.166 0.95 1 0.671 0.24  
2 5.119 17.78 1 2.945 15.20 2 1.183 0.10 1 0.681 0.30  
3 3.075 15.16 1 1.769 7.47 3 1.299 0.50 1 0.747 0.74  
4 1.166 0.95 1 0.671 0.24 4 1.224 0.73 1 0.704 0.46  
5 1.183 0.10 1 0.681 0.30 5 1.167 0.64 1 0.671 0.24  
6 1.299 0.50 1 0.747 0.74 6 1.000 0.74 1 0.575 0.39  
7 0.354 0.88 1 0.204 2.84 7 1.135 0.57 1 0.653 0.12  
8 1.224 0.73 1 0.704 0.46 8 1.511 0.20 1 0.869 1.54  
9 1.167 0.64 1 0.671 0.24 9 1.115 0.55 1 0.641 0.04  
10 1.000 0.74 1 0.575 0.39 10 1.438 0.26 1 0.827 1.27  
11 1.135 0.57 1 0.653 0.12 11 0.827 0.74 1 0.476 1.04  
12 0.319 0.76 1 0.184 2.97 12 1.118 0.19 1 0.643 0.05  
13 1.511 0.20 1 0.869 1.54 13 0.984 0.81 1 0.566 0.45  
14 1.115 0.55 1 0.641 0.04 14 1.393 0.47 1 0.801 1.10  
15 0.508 0.73 1 0.292 2.25 15 1.271 0.03 1 0.731 0.64  
16 1.438 0.26 1 0.827 1.27 16 1.139 0.53 1 0.655 0.14  
17 0.827 0.74 1 0.476 1.04 17 1.304 0.27 1 0.750 0.76  
18 1.086 0.57 1 0.625 0.07 18 0.758 0.36 1 0.436 1.31  
19 1.118 0.19 1 0.643 0.05 19 1.164 0.35 1 0.670 0.23  
20 0.984 0.81 1 0.566 0.45 20 1.277 0.11 1 0.735 0.66  
21 1.393 0.47 1 0.801 1.10 21 0.867 0.09 1 0.499 0.90  
22 1.271 0.03 1 0.731 0.64 22 0.875 0.66 1 0.503 0.87  
23 1.139 0.53 1 0.655 0.14 23 1.684 0.32 1 0.969 2.20  
24 1.304 0.27 1 0.750 0.76 24 0.918 0.48 1 0.528 0.70  
25 0.758 0.36 1 0.436 1.31 25 1.316 0.88 1 0.757 0.81  
26 1.164 0.35 1 0.670 0.23 26 0.991 0.37 1 0.570 0.42  
27 1.277 0.11 1 0.735 0.66 27 1.557 0.09 1 0.896 1.72  
28 0.867 0.09 1 0.499 0.90 28 0.528 0.40 1 0.304 2.18  
29 0.770 0.45 1 0.443 1.26 29 1.030 0.70 1 0.592 0.28  
30 0.472 0.62 1 0.272 2.39 30 0.714 0.64 1 0.411 1.47  
31 0.462 1.24 1 0.266 2.43 31 0.911 0.79 1 0.524 0.73  
32 0.875 0.66 1 0.503 0.87 32 0.723 0.56 1 0.416 1.44  
33 1.684 0.32 1 0.969 2.20 33 0.975 0.73 1 0.561 0.49  
34 0.918 0.48 1 0.528 0.70 34 1.425 0.61 1 0.820 1.22  
35 1.316 0.88 1 0.757 0.81 35 0.599 0.24 1 0.344 1.91  
36 0.991 0.37 1 0.570 0.42 36 1.266 0.19 1 0.728 0.62  
37 1.557 0.09 1 0.896 1.72 37 1.056 0.55 1 0.607 0.18  
38 0.456 0.66 1 0.262 2.45 38 1.012 0.53 1 0.582 0.34  
39 0.528 0.40 1 0.304 2.18       
40 1.030 0.70 1 0.592 0.28       
41 0.714 0.64 1 0.411 1.47       
42 0.911 0.79 1 0.524 0.73       
43 0.723 0.56 1 0.416 1.44       
44 0.975 0.73 1 0.561 0.49       
45 1.425 0.61 1 0.820 1.22       
46 0.599 0.24 1 0.344 1.91       
47 1.266 0.19 1 0.728 0.62       
48 1.056 0.55 1 0.607 0.18       
























































All Disks    Weighted Disks   Total Errors  
 
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 0.96 0.511 
  
Mean = 1.02 0.543 0.133 0.045 
 
Median = 0.98 0.520   Median = 1.05 0.556   
 
Min = 0.01 0.003   Min = 0.54 0.286   
 
Max = 3.32 1.762   Max = 1.46 0.777   
 S.D. (1σ) = 0.48    S.D. (1σ) = 0.24  Dose Rate = 1.884 0.112 
 
Std. Error = 0.07    Std. Error (1σs)= 0.04    
 
Error Median = 0.54    Error Median = 0.50    
 
n = 49 Discs   n = 37 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ 
1 3.318 15.60 1 1.762 9.63 1 0.735 0.40 1 0.390 1.21 
2 0.735 0.40 1 0.390 1.21 2 0.770 0.67 1 0.409 1.06 
3 0.770 0.67 1 0.409 1.06 3 1.411 0.22 1 0.749 1.63 
4 1.411 0.22 1 0.749 1.63 4 1.188 0.71 1 0.631 0.69 
5 0.413 0.67 1 0.219 2.56 5 0.900 0.26 1 0.478 0.52 
6 0.772 0.88 1 0.410 1.06 6 1.343 0.75 1 0.713 1.34 
7 0.349 0.12 1 0.185 2.83 7 1.009 0.32 1 0.536 0.06 
8 0.842 0.40 1 0.447 0.76 8 1.367 0.21 1 0.726 1.44 
9 0.008 1.03 1 0.004 4.26 9 1.464 0.50 1 0.777 1.85 
10 1.188 0.71 1 0.631 0.69 10 0.594 0.51 1 0.315 1.80 
11 1.093 1.22 1 0.580 0.29 11 1.170 0.42 1 0.621 0.61 
12 0.900 0.26 1 0.478 0.52 12 1.051 0.59 1 0.558 0.12 
13 1.343 0.75 1 0.713 1.34 13 0.650 0.62 1 0.345 1.57 
14 1.009 0.32 1 0.536 0.06 14 1.147 0.23 1 0.609 0.52 
15 1.367 0.21 1 0.726 1.44 15 0.900 0.76 1 0.478 0.52 
16 1.464 0.50 1 0.777 1.85 16 0.538 0.54 1 0.286 2.04 
17 0.594 0.51 1 0.315 1.80 17 1.208 0.33 1 0.641 0.77 
18 1.170 0.42 1 0.621 0.61 18 0.705 0.66 1 0.374 1.34 
19 1.051 0.59 1 0.558 0.12 19 1.341 0.57 1 0.712 1.33 
20 0.650 0.62 1 0.345 1.57 20 0.980 0.45 1 0.520 0.18 
21 1.147 0.23 1 0.609 0.52 21 1.322 0.39 1 0.702 1.25 
22 0.900 0.76 1 0.478 0.52 22 1.157 0.67 1 0.614 0.56 
23 0.538 0.54 1 0.286 2.04 23 0.981 0.66 1 0.521 0.18 
24 1.208 0.33 1 0.641 0.77 24 1.038 0.77 1 0.551 0.06 
25 0.705 0.66 1 0.374 1.34 25 0.876 0.86 1 0.465 0.62 
26 0.879 0.35 1 0.467 0.61 26 0.813 0.66 1 0.432 0.88 
27 1.341 0.57 1 0.712 1.33 27 1.047 0.98 1 0.556 0.10 
28 0.980 0.45 1 0.520 0.18 28 0.714 0.24 1 0.379 1.30 
29 0.565 1.46 1 0.300 1.92 29 1.249 0.22 1 0.663 0.94 
30 1.322 0.39 1 0.702 1.25 30 1.102 0.12 1 0.585 0.33 
31 1.157 0.67 1 0.614 0.56 31 0.914 0.18 1 0.485 0.46 
32 0.981 0.66 1 0.521 0.18 32 1.052 0.12 1 0.558 0.12 
33 1.038 0.77 1 0.551 0.06 33 1.253 0.34 1 0.665 0.96 
34 0.006 0.74 1 0.003 4.27 34 0.830 0.38 1 0.441 0.81 
35 0.876 0.86 1 0.465 0.62 35 0.935 0.54 1 0.497 0.37 
36 0.453 1.07 1 0.241 2.39 36 1.066 0.10 1 0.566 0.18 
37 0.813 0.66 1 0.432 0.88 37 1.053 0.59 1 0.559 0.12 
38 1.047 0.98 1 0.556 0.10      
39 0.714 0.24 1 0.379 1.30      
40 1.249 0.22 1 0.663 0.94      
41 1.102 0.12 1 0.585 0.33      
42 0.914 0.18 1 0.485 0.46      
43 1.052 0.12 1 0.558 0.12      
44 1.253 0.34 1 0.665 0.96      
45 0.830 0.38 1 0.441 0.81      
46 0.633 0.92 1 0.336 1.64      
47 0.935 0.54 1 0.497 0.37      
48 1.066 0.10 1 0.566 0.18      
































































All Disks Weighted Disks Total Errors 
De (Gy) Age (ka) De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
Mean = 1.23 0.771 Mean = 0.99 0.946 0.136 0.051 
Median = 0.90 0.564 Median = 1.01 0.636 
Min = 0.18 0.111 Min = 0.46 0.291 
Max = 18.29 11.480 Max = 1.37 0.859 
S.D. (1σ) = 2.45 S.D. (1σ) = 0.20 Dose Rate = 1.593 0.096 
Std. Error = 0.34 Std. Error (1σs)= 0.04 
Error Median = 0.49 Error Median = 0.41 
n = 51 Discs n = 33 Discs 
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ 
1 1.351 0.47 1 0.848 1.76 1 1.351 0.47 1 0.848 1.76 
2 1.161 0.34 1 0.729 0.83 2 1.161 0.34 1 0.729 0.83 
3 0.888 0.93 1 0.558 0.50 3 0.881 0.45 1 0.553 0.54 
4 0.881 0.45 1 0.553 0.54 4 1.078 0.42 1 0.677 0.43 
5 0.633 1.40 1 0.398 1.76 5 1.094 0.50 1 0.687 0.51 
6 1.078 0.42 1 0.677 0.43 6 1.045 0.59 1 0.656 0.26 
7 18.285 0.01 1 11.480 84.85 7 0.898 0.19 1 0.564 0.46 
8 1.094 0.50 1 0.687 0.51 8 1.136 0.41 1 0.713 0.71 
9 1.045 0.59 1 0.656 0.26 9 1.153 0.94 1 0.724 0.79 
10 0.927 0.95 1 0.582 0.32 10 1.246 0.70 1 0.782 1.25 
11 0.529 0.66 1 0.332 2.27 11 0.998 0.42 1 0.627 0.03 
12 0.685 1.63 1 0.430 1.50 12 0.464 0.23 1 0.291 2.59 
13 0.898 0.19 1 0.564 0.46 13 0.838 0.28 1 0.526 0.75 
14 0.479 0.77 1 0.301 2.51 14 0.898 0.21 1 0.564 0.46 
15 0.177 0.69 1 0.111 4.00 15 1.141 0.16 1 0.717 0.74 
16 1.136 0.41 1 0.713 0.71 16 0.751 0.55 1 0.471 1.18 
17 0.368 0.49 1 0.231 3.06 17 0.968 0.80 1 0.608 0.11 
18 1.153 0.94 1 0.724 0.79 18 1.060 0.24 1 0.665 0.34 
19 0.861 1.27 1 0.541 0.64 19 1.022 0.23 1 0.642 0.15 
20 0.803 0.96 1 0.504 0.92 20 1.295 0.29 1 0.813 1.49 
21 1.246 0.70 1 0.782 1.25 21 1.094 0.36 1 0.687 0.50 
22 0.689 1.07 1 0.432 1.48 22 0.958 0.11 1 0.601 0.17 
23 0.998 0.42 1 0.627 0.03 23 1.013 0.42 1 0.636 0.10 
24 0.464 0.23 1 0.291 2.59 24 0.604 0.54 1 0.379 1.90 
25 0.838 0.28 1 0.526 0.75 25 0.959 0.58 1 0.602 0.16 
26 0.898 0.21 1 0.564 0.46 26 0.983 0.53 1 0.617 0.04 
27 0.419 0.55 1 0.263 2.81 27 0.722 0.18 1 0.453 1.32 
28 1.141 0.16 1 0.717 0.74 28 1.088 0.66 1 0.683 0.48 
29 0.751 0.55 1 0.471 1.18 29 1.049 0.14 1 0.658 0.28 
30 0.968 0.80 1 0.608 0.11 30 0.842 0.31 1 0.528 0.73 
31 1.060 0.24 1 0.665 0.34 31 1.368 0.15 1 0.859 1.85 
32 1.022 0.23 1 0.642 0.15 32 0.669 0.43 1 0.420 1.58 
33 1.295 0.29 1 0.813 1.49 33 0.886 0.17 1 0.556 0.52 
34 1.094 0.36 1 0.687 0.50  
35 1.834 0.61 1 1.151 4.13 
36 0.958 0.11 1 0.601 0.17 
37 1.013 0.42 1 0.636 0.10 
38 0.604 0.54 1 0.379 1.90 
39 0.434 0.76 1 0.272 2.73 
40 0.765 0.98 1 0.480 1.11 
41 0.959 0.58 1 0.602 0.16 
42 0.983 0.53 1 0.617 0.04 
43 0.630 0.88 1 0.396 1.77 
44 0.722 0.18 1 0.453 1.32 
45 1.088 0.66 1 0.683 0.48 
46 1.049 0.14 1 0.658 0.28 
47 0.842 0.31 1 0.528 0.73 
48 0.486 0.37 1 0.305 2.48 
49 1.368 0.15 1 0.859 1.85 
50 0.669 0.43 1 0.420 1.58 






























    
 





























All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 1.11 0.612 
  
Mean = 1.19 0.658 0.118 0.051 
 
Median = 1.14 0.631   Median = 1.15 0.638  
 
Min = -0.60 -0.333   Min = 0.79 0.436  
 
Max = 1.67 0.923   Max = 1.67 0.923  
 S.D. (1σ) = 0.35    S.D. (1σ) = 0.19  Dose Rate = 1.810 0.109 
 
Std. Error = 0.05    Std. Error (1σs)= 0.03    
 
Error Median = 0.56    Error Median = 0.51    
 
n = 51 Discs   n = 37 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 1.147 0.51 1 0.634 0.23 1 1.147 0.51 1 0.634 0.23  
2 0.387 0.22 1 0.214 4.13 2 1.325 0.59 1 0.732 0.68  
3 1.325 0.59 1 0.732 0.68 3 1.492 0.30 1 0.824 1.54  
4 1.492 0.30 1 0.824 1.54 4 0.905 0.06 1 0.500 1.47  
5 0.905 0.06 1 0.500 1.47 5 1.293 0.27 1 0.714 0.52  
6 1.293 0.27 1 0.714 0.52 6 1.251 0.46 1 0.691 0.31  
7 1.251 0.46 1 0.691 0.31 7 1.672 0.51 1 0.923 2.46  
8 1.266 0.83 1 0.699 0.38 8 1.339 0.48 1 0.740 0.76  
9 1.672 0.51 1 0.923 2.46 9 1.032 0.64 1 0.570 0.82  
10 1.339 0.48 1 0.740 0.76 10 1.154 0.32 1 0.638 0.19  
11 1.032 0.64 1 0.570 0.82 11 0.790 0.12 1 0.436 2.06  
12 0.467 1.12 1 0.258 3.72 12 1.069 0.66 1 0.590 0.63  
13 1.154 0.32 1 0.638 0.19 13 1.201 0.52 1 0.663 0.05  
14 0.790 0.12 1 0.436 2.06 14 1.430 0.54 1 0.790 1.22  
15 1.069 0.66 1 0.590 0.63 15 1.344 0.27 1 0.742 0.78  
16 1.201 0.52 1 0.663 0.05 16 0.981 0.23 1 0.542 1.08  
17 0.891 1.17 1 0.492 1.54 17 1.101 0.75 1 0.608 0.46  
18 1.606 1.04 1 0.887 2.13 18 1.088 0.94 1 0.601 0.53  
19 1.430 0.54 1 0.790 1.22 19 0.978 0.89 1 0.540 1.09  
20 1.344 0.27 1 0.742 0.78 20 1.311 0.19 1 0.724 0.61  
21 1.007 0.77 1 0.556 0.95 21 1.370 0.44 1 0.757 0.92  
22 0.981 0.23 1 0.542 1.08 22 1.283 0.24 1 0.709 0.47  
23 1.004 0.95 1 0.554 0.96 23 1.096 0.17 1 0.605 0.49  
24 1.347 0.89 1 0.744 0.80 24 1.171 0.61 1 0.647 0.10  
25 1.101 0.75 1 0.608 0.46 25 1.324 0.50 1 0.732 0.68  
26 1.349 1.41 1 0.745 0.81 26 1.467 0.36 1 0.810 1.41  
27 -0.603 2.20 1 -0.333 9.21 27 0.963 0.13 1 0.532 1.17  
28 1.088 0.94 1 0.601 0.53 28 1.326 0.56 1 0.732 0.69  
29 0.978 0.89 1 0.540 1.09 29 1.142 0.79 1 0.631 0.25  
30 1.311 0.19 1 0.724 0.61 30 1.013 0.76 1 0.559 0.92  
31 1.370 0.44 1 0.757 0.92 31 1.276 0.94 1 0.705 0.43  
32 1.283 0.24 1 0.709 0.47 32 0.902 0.75 1 0.498 1.48  
33 1.204 0.33 1 0.665 0.07 33 1.103 0.15 1 0.609 0.45  
34 1.096 0.17 1 0.605 0.49 34 1.028 0.61 1 0.568 0.84  
35 0.865 0.49 1 0.478 1.67 35 1.524 0.92 1 0.842 1.70  
36 1.171 0.61 1 0.647 0.10 36 1.099 0.79 1 0.607 0.48  
37 1.324 0.50 1 0.732 0.68 37 1.091 0.75 1 0.603 0.52  
38 1.467 0.36 1 0.810 1.41       
39 0.963 0.13 1 0.532 1.17       
40 1.031 1.08 1 0.570 0.82       
41 1.326 0.56 1 0.732 0.69       
42 1.142 0.79 1 0.631 0.25       
43 1.013 0.76 1 0.559 0.92       
44 0.580 0.56 1 0.320 3.14       
45 1.276 0.94 1 0.705 0.43       
46 0.902 0.75 1 0.498 1.48       
47 1.103 0.15 1 0.609 0.45       
48 1.028 0.61 1 0.568 0.84       
49 1.524 0.92 1 0.842 1.70       
50 1.099 0.79 1 0.607 0.48       



























































All Disks Weighted Disks Total Errors 
De (Gy) Age (ka) De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
Mean = 0.82 0.478 Mean = 0.96 0.559 0.147 0.047 
Median = 0.85 0.494 Median = 0.98 0.572 
Min = 0.00 0.000 Min = 0.38 0.219 
Max = 1.38 0.806 Max = 1.60 0.937 
S.D. (1σ) = 0.30 S.D. (1σ) = 0.24 Dose Rate = 1.713 0.106 
Std. Error = 0.04 Std. Error (1σs)= 0.04 
Error Median = 0.68 Error Median = 0.49 
n = 54 Discs n = 40 Discs 
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ 
1 1.003 0.51 1 0.585 0.19 1 1.003 0.51 1 0.585 0.19 
2 1.183 0.70 1 0.691 0.93 2 1.183 0.70 1 0.691 0.93 
3 1.039 0.74 1 0.606 0.34 3 0.668 0.42 1 0.390 1.19 
4 0.173 0.58 1 0.101 3.24 4 1.169 0.60 1 0.683 0.88 
5 1.110 0.72 1 0.648 0.63 5 0.844 0.56 1 0.492 0.47 
6 0.668 0.42 1 0.390 1.19 6 0.548 0.49 1 0.320 1.69 
7 1.169 0.60 1 0.683 0.88 7 0.752 0.26 1 0.439 0.85 
8 0.844 0.56 1 0.492 0.47 8 0.375 0.26 1 0.219 2.41 
9 1.380 0.91 1 0.806 1.75 9 0.791 0.67 1 0.462 0.69 
10 0.844 0.91 1 0.492 0.47 10 0.706 0.77 1 0.412 1.04 
11 0.548 0.49 1 0.320 1.69 11 0.930 0.11 1 0.543 0.11 
12 1.235 0.81 1 0.721 1.15 12 0.956 0.46 1 0.558 0.01 
13 0.841 2.05 1 0.491 0.48 13 1.068 0.44 1 0.624 0.46 
14 0.848 0.66 1 0.495 0.45 14 0.850 0.60 1 0.496 0.44 
15 0.830 1.30 1 0.485 0.53 15 0.889 0.28 1 0.519 0.28 
16 0.752 0.26 1 0.439 0.85 16 0.596 0.42 1 0.348 1.49 
17 0.375 0.26 1 0.219 2.41 17 0.921 0.54 1 0.538 0.15 
18 0.540 1.05 1 0.316 1.72 18 1.048 0.43 1 0.612 0.38 
19 0.809 1.51 1 0.472 0.61 19 1.030 0.64 1 0.601 0.30 
20 0.848 0.90 1 0.495 0.45 20 0.800 0.68 1 0.467 0.65 
21 0.791 0.67 1 0.462 0.69 21 1.309 0.85 1 0.764 1.45 
22 0.567 1.21 1 0.331 1.61 22 0.695 0.24 1 0.406 1.08 
23 1.066 0.94 1 0.623 0.45 23 1.066 0.26 1 0.622 0.45 
24 0.485 1.53 1 0.283 1.95 24 1.128 0.48 1 0.658 0.71 
25 0.706 0.77 1 0.412 1.04 25 0.949 0.63 1 0.554 0.03 
26 0.930 0.11 1 0.543 0.11 26 1.071 0.80 1 0.626 0.47 
27 1.083 0.65 1 0.632 0.52 27 0.691 0.12 1 0.403 1.10 
28 0.956 0.46 1 0.558 0.01 28 0.744 0.58 1 0.434 0.88 
29 1.068 0.44 1 0.624 0.46 29 1.605 0.53 1 0.937 2.68 
30 0.850 0.60 1 0.496 0.44 30 1.202 0.19 1 0.702 1.01 
31 0.842 0.38 1 0.491 0.48 31 1.167 0.15 1 0.681 0.87 
32 0.608 1.03 1 0.355 1.44 32 1.124 0.12 1 0.656 0.69 
33 1.052 0.88 1 0.614 0.39 33 0.765 0.49 1 0.446 0.80 
34 0.578 0.65 1 0.338 1.57 34 1.145 0.03 1 0.668 0.78 
35 0.000 1.39 1 0.000 3.96 35 1.184 0.32 1 0.691 0.94 
36 0.039 1.02 1 0.023 3.80 36 0.725 0.57 1 0.423 0.96 
37 0.889 0.28 1 0.519 0.28 37 1.099 0.68 1 0.642 0.59 
38 0.481 0.73 1 0.281 1.97 38 1.231 0.14 1 0.718 1.13 
39 0.455 0.85 1 0.266 2.08 39 1.091 0.55 1 0.637 0.55 
40 0.976 1.01 1 0.570 0.08 40 1.167 0.87 1 0.681 0.87 
41 0.989 1.21 1 0.577 0.13       
42 0.596 0.42 1 0.348 1.49       
43 0.921 0.54 1 0.538 0.15       
44 1.048 0.43 1 0.612 0.38       
45 1.030 0.64 1 0.601 0.30       
46 0.533 0.59 1 0.311 1.76       
47 0.800 0.68 1 0.467 0.65       
48 0.577 0.79 1 0.337 1.57       
49 1.309 0.85 1 0.764 1.45       
50 0.695 0.24 1 0.406 1.08       
51 1.066 0.26 1 0.622 0.45       
52 1.128 0.48 1 0.658 0.71       
53 0.949 0.63 1 0.554 0.03       


























































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 1.11 0.541 
  
Mean = 1.20 0.569 0.095 0.044 
 
Median = 1.13 0.547   Median = 1.19 0.555  
 
Min = 0.43 0.210   Min = 0.92 0.448  
 
Max = 1.72 0.835   Max = 1.72 0.835  
 S.D. (1σ) = 0.25    S.D. (1σ) = 0.18  Dose Rate = 2.060 0.117 
 
Std. Error = 0.04    Std. Error (1σs)= 0.03    
 
Error Median = 0.41    Error Median = 0.39    
 
n = 51 Discs   n = 33 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 1.259 0.57 1 0.611 0.31 1 1.259 0.57 1 0.611 0.31  
2 1.257 0.21 1 0.610 0.30 2 1.257 0.21 1 0.610 0.30  
3 0.676 0.20 1 0.328 2.97 3 0.931 0.37 1 0.452 1.53  
4 0.783 0.03 1 0.380 2.37 5 1.393 1.00 1 0.676 1.07  
5 0.931 0.37 1 0.452 1.53 6 1.255 0.80 1 0.609 0.29  
6 1.255 0.22 1 0.609 0.29 7 0.924 0.35 1 0.448 1.58  
7 1.283 0.19 1 0.623 0.45 8 1.152 0.52 1 0.559 0.29  
8 0.994 0.30 1 0.483 1.18 9 1.092 0.32 1 0.530 0.63  
9 0.473 0.17 1 0.229 4.12 10 0.954 0.18 1 0.463 1.40  
10 0.924 1.25 1 0.449 1.57 11 1.104 0.56 1 0.536 0.56  
11 1.393 1.00 1 0.676 1.07 12 1.389 0.50 1 0.674 1.05  
12 1.255 0.80 1 0.609 0.29 13 1.031 0.61 1 0.500 0.97  
13 0.924 0.35 1 0.448 1.58 14 1.194 0.64 1 0.580 0.05  
14 1.152 0.52 1 0.559 0.29 15 1.194 0.12 1 0.579 0.05  
15 0.900 0.84 1 0.437 1.71 16 1.328 0.24 1 0.645 0.71  
16 0.466 0.35 1 0.226 4.16 17 1.148 0.43 1 0.557 0.31  
17 1.092 0.32 1 0.530 0.63 18 1.247 0.41 1 0.605 0.25  
18 0.954 0.18 1 0.463 1.40 19 1.278 0.05 1 0.620 0.42  
19 1.116 0.60 1 0.542 0.49 20 1.186 0.23 1 0.576 0.10  
20 1.085 0.63 1 0.527 0.67 21 1.117 0.54 1 0.542 0.49  
21 1.277 0.87 1 0.620 0.42 22 1.120 0.17 1 0.543 0.47  
22 1.104 0.56 1 0.536 0.56 23 1.347 0.39 1 0.654 0.81  
23 1.389 0.50 1 0.674 1.05 24 0.945 0.09 1 0.459 1.46  
24 1.031 0.61 1 0.500 0.97 25 1.249 0.35 1 0.606 0.26  
25 1.194 0.64 1 0.580 0.05 26 1.444 0.99 1 0.701 1.36  
26 1.075 1.00 1 0.522 0.72 27 0.982 0.51 1 0.477 1.25  
27 0.433 0.75 1 0.210 4.34 28 1.041 0.53 1 0.505 0.91  
28 1.194 0.12 1 0.579 0.05 29 1.222 0.36 1 0.593 0.11  
29 1.328 0.24 1 0.645 0.71 30 1.390 0.34 1 0.675 1.05  
30 1.148 0.43 1 0.557 0.31 31 1.720 0.23 1 0.835 2.92  
31 1.358 0.75 1 0.659 0.87 32 1.050 0.60 1 0.510 0.87  
32 1.127 1.03 1 0.547 0.43 33 1.429 0.15 1 0.694 1.27  
33 1.247 0.41 1 0.605 0.25 34 1.334 0.40 1 0.647 0.74  
34 1.278 0.05 1 0.620 0.42       
35 1.186 0.23 1 0.576 0.10       
36 1.117 0.54 1 0.542 0.49       
37 1.120 0.17 1 0.543 0.47       
38 1.347 0.39 1 0.654 0.81       
39 0.988 0.96 1 0.479 1.22       
40 0.945 0.09 1 0.459 1.46       
41 1.249 0.35 1 0.606 0.26       
42 1.444 0.99 1 0.701 1.36       
43 0.982 0.51 1 0.477 1.25       
44 1.041 0.53 1 0.505 0.91       
45 0.929 1.06 1 0.451 1.55       
46 1.222 0.36 1 0.593 0.11       
47 1.390 0.34 1 0.675 1.05       
48 1.720 0.23 1 0.835 2.92       
49 1.050 0.60 1 0.510 0.87       
50 1.429 0.15 1 0.694 1.27       
























































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 1.45 0.797 
  
Mean = 1.54 0.846 0.179 0.068 
 
Median = 1.49 0.818   Median = 1.50 0.824  
 
Min = -0.01 -0.003   Min = 0.85 0.467  
 
Max = 2.43 1.335   Max = 2.43 1.335  
 S.D. (1σ) = 0.44    S.D. (1σ) = 0.31  Dose Rate = 1.824 0.110 
 
Std. Error = 0.06    Std. Error (1σs)= 0.05    
 
Error Median = 0.24    Error Median = 0.21    
 
n = 48 Discs   n = 37 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 1.629 0.21 1 0.893 0.28 1 1.629 0.21 1 0.893 0.28  
2 1.476 0.12 1 0.809 0.22 2 1.476 0.12 1 0.809 0.22  
3 1.359 0.26 1 0.745 0.60 3 1.359 0.26 1 0.745 0.60  
4 1.923 0.22 1 1.054 1.24 4 1.923 0.22 1 1.054 1.24  
5 1.612 0.10 1 0.884 0.23 5 1.612 0.10 1 0.884 0.23  
6 1.941 0.53 1 1.064 1.30 6 1.941 0.53 1 1.064 1.30  
7 1.489 0.36 1 0.816 0.18 7 1.489 0.36 1 0.816 0.18  
8 1.913 0.62 1 1.049 1.21 8 1.913 0.62 1 1.049 1.21  
9 1.774 0.25 1 0.972 0.75 9 1.774 0.25 1 0.972 0.75  
10 1.908 0.39 1 1.046 1.19 10 1.817 0.24 1 0.996 0.89  
11 1.817 0.24 1 0.996 0.89 11 0.852 0.71 1 0.467 2.25  
12 -0.006 1.07 1 -0.003 5.04 12 1.573 0.33 1 0.862 0.10  
13 0.852 0.71 1 0.467 2.25 13 1.656 0.16 1 0.908 0.37  
14 1.573 0.33 1 0.862 0.10 14 1.600 0.35 1 0.877 0.19  
15 1.656 0.16 1 0.908 0.37 15 1.573 0.20 1 0.862 0.10  
16 1.600 0.35 1 0.877 0.19 16 1.370 0.09 1 0.751 0.56  
17 1.494 0.44 1 0.819 0.16 17 1.169 0.30 1 0.641 1.22  
18 1.874 0.59 1 1.027 1.08 18 1.359 0.10 1 0.745 0.60  
19 1.573 0.20 1 0.862 0.10 19 1.276 0.21 1 0.699 0.87  
20 1.146 0.54 1 0.628 1.29 20 2.435 0.09 1 1.335 2.90  
21 1.872 0.35 1 1.026 1.07 21 1.651 0.17 1 0.905 0.35  
22 1.370 0.09 1 0.751 0.56 22 1.672 0.04 1 0.916 0.42  
23 1.169 0.30 1 0.641 1.22 23 1.415 0.08 1 0.776 0.41  
24 0.370 0.61 1 0.203 3.82 24 1.241 0.25 1 0.680 0.98  
25 1.359 0.10 1 0.745 0.60 25 1.442 0.09 1 0.791 0.33  
26 1.276 0.21 1 0.699 0.87 26 1.056 0.05 1 0.579 1.59  
27 2.435 0.09 1 1.335 2.90 27 1.425 0.22 1 0.781 0.38  
28 1.651 0.17 1 0.905 0.35 28 1.883 0.06 1 1.032 1.11  
29 1.672 0.04 1 0.916 0.42 29 1.651 0.10 1 0.905 0.35  
30 1.662 0.48 1 0.911 0.39 30 1.452 0.29 1 0.796 0.29  
31 1.415 0.08 1 0.776 0.41 31 1.480 0.24 1 0.811 0.20  
32 1.241 0.25 1 0.680 0.98 32 1.362 0.29 1 0.747 0.59  
33 1.442 0.09 1 0.791 0.33 33 1.295 0.07 1 0.710 0.80  
34 0.801 0.46 1 0.439 2.41 34 1.071 0.14 1 0.587 1.54  
35 1.056 0.05 1 0.579 1.59 35 1.540 0.08 1 0.844 0.01  
36 1.425 0.22 1 0.781 0.38 36 2.140 0.26 1 1.173 1.95  
37 1.883 0.06 1 1.032 1.11 37 1.504 0.18 1 0.824 0.13  
38 1.651 0.10 1 0.905 0.35       
39 1.452 0.29 1 0.796 0.29       
40 1.480 0.24 1 0.811 0.20       
41 1.362 0.29 1 0.747 0.59       
42 1.295 0.07 1 0.710 0.80       
43 0.689 0.26 1 0.378 2.78       
44 1.071 0.14 1 0.587 1.54       
45 0.930 0.47 1 0.510 1.99       
46 1.540 0.08 1 0.844 0.01       
47 2.140 0.26 1 1.173 1.95       


























    
 





























All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 1.41 0.734 
  
Mean = 1.45 0.747 0.090 0.057 
 
Median = 1.42 0.743   Median = 1.45 0.758  
 
Min = 0.55 0.287   Min = 1.14 0.596  
 
Max = 2.24 1.169   Max = 1.78 0.929  
 S.D. (1σ) = 0.29    S.D. (1σ) = 0.14  Dose Rate = 1.915 0.116 
 
Std. Error = 0.04    Std. Error (1σs)= 0.02    
 
Error Median = 0.25    Error Median = 0.20    
 
n = 48 Discs   n = 33 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 0.952 0.32 1 0.497 3.66 1 1.602 0.20 1 0.836 1.14  
2 1.411 0.47 1 0.737 0.27 2 1.494 0.22 1 0.780 0.35  
3 1.602 0.20 1 0.836 1.14 3 1.780 0.19 1 0.929 2.46  
4 1.494 0.22 1 0.780 0.35 4 1.451 0.29 1 0.757 0.03  
5 1.780 0.19 1 0.929 2.46 5 1.540 0.28 1 0.804 0.69  
6 1.742 0.46 1 0.910 2.19 6 1.354 0.13 1 0.707 0.69  
7 2.088 0.57 1 1.090 4.75 7 1.480 0.08 1 0.773 0.24  
8 1.265 0.52 1 0.661 1.35 8 1.557 0.25 1 0.813 0.81  
9 1.005 0.69 1 0.525 3.27 9 1.391 0.27 1 0.726 0.42  
10 1.451 0.29 1 0.757 0.03 10 1.369 0.12 1 0.715 0.58  
11 1.540 0.28 1 0.804 0.69 11 1.489 0.12 1 0.777 0.31  
12 1.354 0.13 1 0.707 0.69 12 1.725 0.25 1 0.900 2.05  
13 1.480 0.08 1 0.773 0.24 13 1.557 0.16 1 0.813 0.81  
14 1.557 0.25 1 0.813 0.81 14 1.379 0.25 1 0.720 0.50  
15 1.391 0.27 1 0.726 0.42 15 1.161 0.13 1 0.606 2.12  
16 1.369 0.12 1 0.715 0.58 16 1.304 0.16 1 0.681 1.06  
17 1.489 0.12 1 0.777 0.31 17 1.284 0.23 1 0.670 1.21  
18 1.536 0.46 1 0.802 0.66 18 1.579 0.30 1 0.824 0.97  
19 1.725 0.25 1 0.900 2.05 19 1.493 0.20 1 0.779 0.34  
20 1.557 0.16 1 0.813 0.81 20 1.279 0.17 1 0.668 1.25  
21 1.379 0.25 1 0.720 0.50 21 1.368 0.09 1 0.714 0.59  
22 1.161 0.13 1 0.606 2.12 22 1.401 0.06 1 0.731 0.35  
23 1.304 0.16 1 0.681 1.06 23 1.141 0.25 1 0.596 2.27  
24 1.284 0.23 1 0.670 1.21 24 1.427 0.26 1 0.745 0.15  
25 1.579 0.30 1 0.824 0.97 25 1.506 0.28 1 0.786 0.44  
26 1.493 0.20 1 0.779 0.34 26 1.481 0.14 1 0.773 0.25  
27 1.311 0.53 1 0.685 1.01 27 1.372 0.23 1 0.717 0.55  
28 1.279 0.17 1 0.668 1.25 28 1.413 0.16 1 0.738 0.25  
29 1.368 0.09 1 0.714 0.59 29 1.558 0.06 1 0.813 0.82  
30 0.733 0.76 1 0.383 5.29 30 1.456 0.29 1 0.760 0.06  
31 1.401 0.06 1 0.731 0.35 31 1.395 0.31 1 0.728 0.39  
32 1.141 0.25 1 0.596 2.27 32 1.522 0.21 1 0.795 0.56  
33 1.427 0.26 1 0.745 0.15 33 1.452 0.15 1 0.758 0.04  
34 0.960 0.44 1 0.501 3.61       
35 2.240 0.27 1 1.169 5.87       
36 1.420 0.55 1 0.741 0.20       
37 1.506 0.28 1 0.786 0.44       
38 1.481 0.14 1 0.773 0.25       
39 1.019 0.44 1 0.532 3.17       
40 1.372 0.23 1 0.717 0.55       
41 1.413 0.16 1 0.738 0.25       
42 1.558 0.06 1 0.813 0.82       
43 1.529 0.39 1 0.798 0.60       
44 1.456 0.29 1 0.760 0.06       
45 1.395 0.31 1 0.728 0.39       
46 0.550 0.44 1 0.287 6.64       
47 1.522 0.21 1 0.795 0.56       



























































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 1.43 0.781 
  
Mean = 1.47 0.835 0.190 0.069 
 
Median = 1.51 0.822   Median = 1.52 0.827  
 
Min = -0.32 -0.174   Min = 0.90 0.493  
 
Max = 3.43 1.871   Max = 2.44 1.329  
 S.D. (1σ) = 0.55    S.D. (1σ) = 0.33  Dose Rate = 1.835 0.114 
 
Std. Error = 0.09    Std. Error (1σs)= 0.06    
 
Error Median = 0.25    Error Median = 0.20    
 
n = 37 Discs   n = 28 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 1.046 0.28 1 0.570 1.29 1 1.046 0.28 1 0.570 1.29  
2 1.741 0.10 1 0.949 0.81 2 1.741 0.10 1 0.949 0.81  
3 0.994 0.47 1 0.541 1.45 3 1.696 0.04 1 0.924 0.68  
4 1.200 0.52 1 0.654 0.82 4 1.782 0.06 1 0.971 0.94  
5 1.443 0.41 1 0.786 0.09 5 1.602 0.60 1 0.873 0.39  
6 1.696 0.04 1 0.924 0.68 6 1.664 0.02 1 0.907 0.58  
7 1.782 0.06 1 0.971 0.94 7 1.333 0.21 1 0.726 0.42  
8 1.602 0.60 1 0.873 0.39 8 1.509 0.25 1 0.822 0.11  
9 1.664 0.02 1 0.907 0.58 9 1.093 0.29 1 0.595 1.15  
10 1.333 0.21 1 0.726 0.42 10 1.619 0.21 1 0.882 0.44  
11 1.509 0.25 1 0.822 0.11 11 1.645 0.04 1 0.896 0.52  
12 1.093 0.29 1 0.595 1.15 12 1.350 0.10 1 0.735 0.37  
13 1.619 0.21 1 0.882 0.44 13 1.547 0.13 1 0.843 0.22  
14 1.645 0.04 1 0.896 0.52 14 1.514 0.24 1 0.825 0.13  
15 1.350 0.10 1 0.735 0.37 15 1.562 0.19 1 0.851 0.27  
16 1.547 0.13 1 0.843 0.22 16 1.305 0.40 1 0.711 0.51  
17 1.514 0.24 1 0.825 0.13 17 1.836 0.07 1 1.000 1.10  
18 1.562 0.19 1 0.851 0.27 18 1.470 0.35 1 0.801 0.01  
19 -0.319 1.55 1 -0.174 5.42 19 1.844 0.34 1 1.005 1.12  
20 1.305 0.40 1 0.711 0.51 20 1.521 0.08 1 0.829 0.15  
21 1.596 0.45 1 0.869 0.37 21 1.229 0.50 1 0.670 0.74  
22 1.836 0.07 1 1.000 1.10 22 1.134 0.25 1 0.618 1.02  
23 1.470 0.35 1 0.801 0.01 23 2.439 0.25 1 1.329 2.92  
24 1.844 0.34 1 1.005 1.12 24 1.328 0.17 1 0.723 0.44  
25 1.521 0.08 1 0.829 0.15 25 0.960 0.15 1 0.523 1.55  
26 1.229 0.50 1 0.670 0.74 26 1.560 0.05 1 0.850 0.26  
27 0.725 0.88 1 0.395 2.26 27 0.994 0.46 1 0.542 1.45  
28 1.134 0.25 1 0.618 1.02 28 0.905 0.20 1 0.493 1.72  
29 2.439 0.25 1 1.329 2.92       
30 1.236 0.67 1 0.673 0.72       
31 1.328 0.17 1 0.723 0.44       
32 3.434 0.70 1 1.871 5.93       
33 0.960 0.15 1 0.523 1.55       
34 1.560 0.05 1 0.850 0.26       
35 0.994 0.46 1 0.542 1.45       
36 0.905 0.20 1 0.493 1.72       
























































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 4.33 2.550 
  
Mean = 4.35 2.278 0.494 0.213 
 
Median = 4.18 2.465   Median = 4.22 2.487  
 
Min = 2.27 1.338   Min = 3.17 1.872  
 
Max = 8.33 4.913   Max = 7.43 4.379  
 S.D. (1σ) = 1.07    S.D. (1σ) = 0.77  Dose Rate = 1.696 0.109 
 
Std. Error = 0.17    Std. Error (1σs)= 0.14    
 
Error Median = 0.42    Error Median = 0.42    
 
n = 38 Discs   n = 32 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 4.311 0.61 1 2.542 0.05 1 4.311 0.61 1 2.542 0.05  
2 4.586 0.24 1 2.704 0.31 2 4.586 0.24 1 2.704 0.31  
3 4.557 0.55 1 2.687 0.28 3 4.557 0.55 1 2.687 0.28  
4 3.990 0.44 1 2.353 0.46 4 3.990 0.44 1 2.353 0.46  
5 4.487 0.31 1 2.646 0.18 5 4.487 0.31 1 2.646 0.18  
6 4.085 0.43 1 2.408 0.34 6 4.085 0.43 1 2.408 0.34  
7 4.467 0.54 1 2.634 0.16 7 4.467 0.54 1 2.634 0.16  
8 4.600 0.24 1 2.712 0.33 8 4.600 0.24 1 2.712 0.33  
9 4.294 0.20 1 2.532 0.07 9 4.294 0.20 1 2.532 0.07  
10 4.144 0.68 1 2.443 0.26 10 4.144 0.68 1 2.443 0.26  
11 4.499 0.50 1 2.653 0.20 11 4.499 0.50 1 2.653 0.20  
12 2.637 0.10 1 1.555 2.23 12 4.008 0.43 1 2.363 0.44  
13 2.269 0.11 1 1.338 2.71 13 3.175 0.27 1 1.872 1.53  
14 4.008 0.43 1 2.363 0.44 14 3.217 0.72 1 1.897 1.47  
15 3.175 0.27 1 1.872 1.53 15 4.063 0.46 1 2.396 0.37  
16 3.217 0.72 1 1.897 1.47 16 3.999 0.41 1 2.358 0.45  
17 4.063 0.46 1 2.396 0.37 17 3.913 0.69 1 2.307 0.56  
18 3.999 0.41 1 2.358 0.45 18 4.626 0.26 1 2.727 0.36  
19 3.913 0.69 1 2.307 0.56 19 3.975 0.34 1 2.344 0.48  
20 4.626 0.26 1 2.727 0.36 20 4.109 0.37 1 2.423 0.31  
21 3.975 0.34 1 2.344 0.48 21 4.629 0.24 1 2.729 0.37  
22 4.109 0.37 1 2.423 0.31 22 4.451 0.52 1 2.624 0.14  
23 4.629 0.24 1 2.729 0.37 23 4.489 0.55 1 2.647 0.19  
24 4.451 0.52 1 2.624 0.14 24 3.791 0.39 1 2.235 0.72  
25 4.489 0.55 1 2.647 0.19 25 4.101 0.57 1 2.418 0.32  
26 3.791 0.39 1 2.235 0.72 26 3.856 0.38 1 2.274 0.64  
27 4.101 0.57 1 2.418 0.32 27 4.252 0.39 1 2.507 0.12  
28 4.179 0.70 1 2.464 0.22 28 4.374 0.20 1 2.579 0.04  
29 3.856 0.38 1 2.274 0.64 29 4.051 0.45 1 2.389 0.38  
30 4.252 0.39 1 2.507 0.12 30 4.184 0.21 1 2.467 0.21  
31 4.374 0.20 1 2.579 0.04 31 6.358 0.27 1 3.749 2.62  
32 3.600 0.45 1 2.123 0.97 32 7.428 1.57 1 4.379 4.01  
33 4.051 0.45 1 2.389 0.38       
34 4.184 0.21 1 2.467 0.21       
35 4.265 1.12 1 2.515 0.10       
36 8.332 0.08 1 4.913 5.19       
37 6.358 0.27 1 3.749 2.62       
























































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 0.79 0.417 
  
Mean = 0.97 0.517 0.128 0.044 
 
Median = 0.85 0.450   Median = 0.97 0.514  
 
Min = 0.00 0.002   Min = 0.51 0.273  
 
Max = 1.53 0.814   Max = 1.53 0.814  
 S.D. (1σ) = 0.34    S.D. (1σ) = 0.23  Dose Rate = 1.882 0.113 
 
Std. Error = 0.05    Std. Error (1σs)= 0.04    
 
Error Median = 0.50    Error Median = 0.48    
 
n = 54 Discs   n = 32 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 0.893 0.14 1 0.474 0.35 1 0.893 0.14 1 0.474 0.35  
2 0.587 0.89 1 0.312 1.67 2 0.856 0.73 1 0.455 0.51  
3 1.084 0.53 1 0.576 0.48 3 0.956 0.47 1 0.508 0.07  
4 0.003 0.64 1 0.002 4.20 4 0.740 0.67 1 0.393 1.01  
5 0.856 0.73 1 0.455 0.51 5 0.543 0.51 1 0.288 1.86  
6 0.956 0.47 1 0.508 0.07 6 0.543 0.08 1 0.288 1.86  
7 0.597 0.65 1 0.317 1.63 7 1.533 0.04 1 0.814 2.43  
8 0.313 0.09 1 0.166 2.86 8 0.872 0.76 1 0.463 0.44  
9 0.293 0.53 1 0.156 2.94 9 0.972 0.65 1 0.517 0.00  
10 0.740 0.67 1 0.393 1.01 10 1.008 0.57 1 0.535 0.15  
11 0.543 0.51 1 0.288 1.86 11 1.250 0.52 1 0.664 1.20  
12 0.543 0.08 1 0.288 1.86 12 1.112 0.30 1 0.591 0.60  
13 1.533 0.04 1 0.814 2.43 13 0.847 0.66 1 0.450 0.54  
14 1.003 1.21 1 0.533 0.13 14 1.204 0.74 1 0.640 1.00  
15 0.872 0.76 1 0.463 0.44 15 1.175 0.53 1 0.624 0.87  
16 0.972 0.65 1 0.517 0.00 16 1.091 0.48 1 0.579 0.51  
17 1.008 0.57 1 0.535 0.15 17 1.113 0.92 1 0.591 0.61  
18 1.250 0.52 1 0.664 1.20 18 0.977 0.50 1 0.519 0.02  
19 1.112 0.30 1 0.591 0.60 19 1.282 0.48 1 0.681 1.34  
20 0.556 0.49 1 0.296 1.80 20 0.833 0.58 1 0.442 0.61  
21 0.847 0.69 1 0.450 0.54 21 1.035 0.42 1 0.550 0.27  
22 0.664 1.27 1 0.353 1.34 22 1.373 0.24 1 0.729 1.73  
23 0.200 0.45 1 0.106 3.35 23 0.709 0.60 1 0.376 1.14  
24 0.675 0.69 1 0.359 1.29 24 1.195 0.27 1 0.635 0.96  
25 0.847 0.66 1 0.450 0.54 25 0.920 0.46 1 0.489 0.23  
26 0.416 0.49 1 0.221 2.41 26 0.933 0.33 1 0.496 0.17  
27 0.438 0.04 1 0.233 2.31 27 0.822 0.30 1 0.437 0.65  
28 1.204 0.74 1 0.640 1.00 28 0.961 0.41 1 0.511 0.05  
29 1.175 0.53 1 0.624 0.87 29 0.982 0.20 1 0.522 0.04  
30 1.091 0.48 1 0.579 0.51 30 0.997 0.37 1 0.530 0.10  
31 1.113 0.92 1 0.591 0.61 31 0.514 0.40 1 0.273 1.99  
32 0.977 0.50 1 0.519 0.02 32 0.892 0.66 1 0.474 0.35  
33 0.805 0.90 1 0.428 0.72       
34 1.282 0.48 1 0.681 1.34       
35 0.833 0.58 1 0.442 0.61       
36 0.331 0.36 1 0.176 2.78       
37 0.777 0.19 1 0.413 0.85       
38 1.035 0.42 1 0.550 0.27       
39 0.324 1.08 1 0.172 2.81       
40 1.373 0.24 1 0.729 1.73       
41 0.709 0.60 1 0.376 1.14       
42 0.260 1.66 1 0.138 3.09       
43 0.672 0.41 1 0.357 1.30       
44 0.091 0.35 1 0.049 3.82       
45 1.195 0.27 1 0.635 0.96       
46 0.920 0.46 1 0.489 0.23       
47 0.933 0.33 1 0.496 0.17       
48 0.822 0.30 1 0.437 0.65       
49 0.961 0.41 1 0.511 0.05       
50 0.982 0.20 1 0.522 0.04       
51 0.997 0.37 1 0.530 0.10       
52 0.514 0.40 1 0.273 1.99       
53 0.892 0.66 1 0.474 0.35       


























































All Disks Weighted Disks Total Errors 
De (Gy) Age (ka) De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 Mean = 26.36 15.992    Mean = 27.34 16.588 2.741 1.564  
Median = 26.10 15.835    Median = 25.31 15.356   
Min = 19.29 11.702    Min = 20.52 12.451   
Max = 34.20 20.747    Max = 34.20 20.747   
S.D. (1σ) = 3.17     S.D. (1σ) = 3.76  Dose Rate = 1.648 0.134 
Std. Error = 0.43     Std. Error (1σs)= 0.63     
Error Median = 0.26     Error Median = 0.43     
n = 54 Discs    n = 36 Discs    
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 19.288 0.18 1 11.702 2.14 1 24.605 0.48 1 14.927 0.73  
2 29.093 0.22 1 17.650 0.47 2 24.371 0.03 1 14.785 0.79  
3 27.429 0.47 1 16.641 0.02 3 23.924 0.29 1 14.514 0.91  
4 26.977 0.35 1 16.366 0.10 4 24.032 0.51 1 14.579 0.88  
5 26.636 0.14 1 16.159 0.19 5 24.410 0.14 1 14.809 0.78  
6 24.605 0.48 1 14.927 0.73 6 25.312 0.03 1 15.356 0.54  
7 24.371 0.03 1 14.785 0.79 7 25.266 0.06 1 15.329 0.55  
8 26.109 0.25 1 15.840 0.33 8 20.524 0.39 1 12.451 1.81  
9 26.385 0.25 1 16.007 0.25 9 24.543 0.20 1 14.889 0.74  
10 23.924 0.29 1 14.514 0.91 10 23.276 0.77 1 14.121 1.08  
11 24.032 0.51 1 14.579 0.88 11 24.417 0.15 1 14.813 0.78  
12 26.438 0.09 1 16.039 0.24 12 25.102 0.05 1 15.229 0.60  
13 27.148 0.55 1 16.470 0.05 13 25.199 0.13 1 15.288 0.57  
14 24.410 0.14 1 14.809 0.78 14 22.991 0.25 1 13.948 1.16  
15 27.672 0.11 1 16.788 0.09 15 24.770 0.19 1 15.028 0.68  
16 27.322 0.29 1 16.576 0.01 16 24.396 0.42 1 14.800 0.78  
17 25.312 0.03 1 15.356 0.54 17 24.172 0.11 1 14.665 0.84  
18 25.266 0.06 1 15.329 0.55 18 29.011 0.27 1 17.600 0.44  
19 28.518 0.12 1 17.301 0.31 19 29.293 0.73 1 17.771 0.52  
20 25.548 0.21 1 15.499 0.48 20 32.820 0.20 1 19.911 1.46  
21 20.524 0.39 1 12.451 1.81 21 25.775 1.69 1 15.637 0.42  
22 25.788 0.12 1 15.645 0.41 22 25.311 0.34 1 15.356 0.54  
23 24.543 0.20 1 14.889 0.74 23 32.860 1.10 1 19.936 1.47  
24 23.276 0.77 1 14.121 1.08 24 27.321 1.38 1 16.575 0.01  
25 25.958 0.26 1 15.748 0.37 25 30.143 0.45 1 18.287 0.74  
26 24.417 0.15 1 14.813 0.78 26 29.413 0.43 1 17.844 0.55  
27 25.102 0.05 1 15.229 0.60 27 34.198 1.06 1 20.747 1.82  
28 29.039 0.25 1 17.617 0.45 28 28.941 1.07 1 17.558 0.42  
29 26.095 0.25 1 15.831 0.33 29 30.284 0.95 1 18.373 0.78  
30 25.199 0.13 1 15.288 0.57 30 31.969 1.31 1 19.395 1.23  
31 22.991 0.25 1 13.948 1.16 31 24.793 1.11 1 15.041 0.68  
32 26.737 0.12 1 16.221 0.16 32 33.857 0.13 1 20.540 1.73  
33 24.770 0.19 1 15.028 0.68 33 29.946 1.66 1 18.168 0.69  
34 24.396 0.42 1 14.800 0.78 34 33.180 1.78 1 20.129 1.55  
35 24.172 0.11 1 14.665 0.84 35 29.864 1.19 1 18.118 0.67  
36 29.011 0.27 1 17.600 0.44 36 34.027 0.47 1 20.644 1.78  
37 20.610 0.81 1 12.504 1.79        
38 29.293 0.73 1 17.771 0.52        
39 32.820 0.20 1 19.911 1.46        
40 25.775 1.69 1 15.637 0.42        
41 25.311 0.34 1 15.356 0.54        
42 19.667 0.42 1 11.932 2.04        
43 29.005 0.11 1 17.597 0.44        
44 28.418 0.46 1 17.240 0.29        
45 32.860 1.10 1 19.936 1.47        
46 27.321 1.38 1 16.575 0.01        
47 27.620 0.14 1 16.757 0.07        
48 21.294 1.61 1 12.918 1.61        
49 30.143 0.45 1 18.287 0.74        
50 29.413 0.43 1 17.844 0.55        
51 34.198 1.06 1 20.747 1.82        
52 28.941 1.07 1 17.558 0.42        
53 30.284 0.95 1 18.373 0.78        























































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 1.56 0.818 
  
Mean = 1.51 0.795 0.123 0.061 
 
Median = 1.54 0.810   Median = 1.54 0.810  
 
Min = 0.80 0.419   Min = 0.91 0.479  
 
Max = 2.48 1.301   Max = 1.90 0.997  
 S.D. (1σ) = 0.31    S.D. (1σ) = 0.21  Dose Rate = 1.905 0.116 
 
Std. Error = 0.04    Std. Error (1σs)= 0.03    
 
Error Median = 0.26    Error Median = 0.22    
 
n = 49 Discs   n = 36 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 1.331 0.36 1 0.698 0.86 1 1.754 0.12 1 0.921 1.19  
2 2.480 0.26 1 1.301 4.71 2 1.360 0.47 1 0.714 0.72  
3 1.754 0.12 1 0.921 1.19 3 1.711 0.29 1 0.898 0.98  
4 1.573 0.40 1 0.825 0.31 4 1.454 0.22 1 0.763 0.27  
5 1.474 0.39 1 0.773 0.17 5 1.356 0.37 1 0.712 0.74  
6 1.360 0.47 1 0.714 0.72 6 1.599 0.12 1 0.839 0.44  
7 1.711 0.29 1 0.898 0.98 7 0.913 0.22 1 0.479 2.89  
8 1.454 0.22 1 0.763 0.27 8 1.433 0.12 1 0.752 0.37  
9 1.356 0.37 1 0.712 0.74 9 1.869 0.21 1 0.981 1.74  
10 1.599 0.12 1 0.839 0.44 10 1.512 0.50 1 0.794 0.02  
11 0.913 0.22 1 0.479 2.89 11 1.081 0.40 1 0.567 2.08  
12 1.433 0.12 1 0.752 0.37 12 1.379 0.20 1 0.724 0.63  
13 1.869 0.21 1 0.981 1.74 13 1.681 0.31 1 0.882 0.83  
14 2.280 0.72 1 1.197 3.74 14 1.523 0.16 1 0.799 0.07  
15 1.512 0.50 1 0.794 0.02 15 1.649 0.26 1 0.866 0.68  
16 1.081 0.40 1 0.567 2.08 16 1.600 0.05 1 0.840 0.44  
17 1.379 0.20 1 0.724 0.63 17 1.352 0.22 1 0.710 0.76  
18 1.906 0.43 1 1.000 1.92 18 1.607 0.30 1 0.843 0.47  
19 1.681 0.31 1 0.882 0.83 19 1.580 0.15 1 0.829 0.35  
20 1.447 0.45 1 0.759 0.30 20 1.584 0.22 1 0.831 0.36  
21 1.523 0.16 1 0.799 0.07 21 1.549 0.26 1 0.813 0.19  
22 1.649 0.26 1 0.866 0.68 22 1.168 0.32 1 0.613 1.65  
23 1.600 0.05 1 0.840 0.44 23 1.602 0.42 1 0.841 0.45  
24 1.352 0.22 1 0.710 0.76 24 1.677 0.20 1 0.880 0.81  
25 1.750 0.54 1 0.919 1.17 25 1.543 0.07 1 0.810 0.16  
26 1.607 0.30 1 0.843 0.47 26 1.466 0.13 1 0.770 0.21  
27 1.580 0.15 1 0.829 0.35 27 1.543 0.35 1 0.810 0.17  
28 1.584 0.22 1 0.831 0.36 28 1.464 0.03 1 0.768 0.22  
29 1.549 0.26 1 0.813 0.19 29 1.654 0.25 1 0.868 0.71  
30 1.168 0.32 1 0.613 1.65 30 1.597 0.23 1 0.838 0.43  
31 1.602 0.42 1 0.841 0.45 31 1.900 0.28 1 0.997 1.90  
32 1.629 0.36 1 0.855 0.58 32 1.402 0.15 1 0.736 0.52  
33 1.677 0.20 1 0.880 0.81 33 1.243 0.20 1 0.653 1.29  
34 1.543 0.07 1 0.810 0.16 34 1.724 0.10 1 0.905 1.04  
35 1.466 0.13 1 0.770 0.21 35 1.248 0.26 1 0.655 1.26  
36 1.543 0.35 1 0.810 0.17 36 1.543 0.28 1 0.810 0.16  
37 1.464 0.03 1 0.768 0.22       
38 1.654 0.25 1 0.868 0.71       
39 1.597 0.23 1 0.838 0.43       
40 1.900 0.28 1 0.997 1.90       
41 1.402 0.15 1 0.736 0.52       
42 1.243 0.20 1 0.653 1.29       
43 0.798 0.23 1 0.419 3.45       
44 1.724 0.10 1 0.905 1.04       
45 1.537 0.56 1 0.806 0.13       
46 1.248 0.26 1 0.655 1.26       
47 1.393 0.50 1 0.731 0.56       
48 1.543 0.28 1 0.810 0.16       


























































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 29.35 19.014 
  
Mean = 29.65 19.205 2.074 1.457 
 
Median = 29.67 19.218   Median = 30.05 19.468  
 
Min = 22.10 14.319   Min = 24.61 15.943  
 
Max = 34.55 22.383   Max = 34.55 22.383  
 S.D. (1σ) = 2.65    S.D. (1σ) = 2.30  Dose Rate = 1.544 0.096 
 
Std. Error = 0.37    Std. Error (1σs)= 0.34    
 
Error Median = 0.80    Error Median = 0.83    
 
n = 50 Discs   n = 45 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 30.317 0.26 1 19.640 0.29 1 30.317 0.26 1 19.640 0.29  
2 22.103 0.54 1 14.319 3.27 2 28.918 0.94 1 18.734 0.32  
3 28.918 0.94 1 18.734 0.32 3 33.535 0.23 1 21.724 1.69  
4 33.535 0.23 1 21.724 1.69 4 27.536 1.52 1 17.838 0.92  
5 28.417 0.61 1 18.409 0.53 5 28.865 0.34 1 18.699 0.34  
6 27.536 1.52 1 17.838 0.92 6 32.039 0.80 1 20.755 1.04  
7 28.865 0.34 1 18.699 0.34 7 28.365 2.57 1 18.375 0.56  
8 32.039 0.80 1 20.755 1.04 8 32.377 2.82 1 20.974 1.19  
9 28.365 2.57 1 18.375 0.56 9 27.801 0.11 1 18.010 0.80  
10 32.377 2.82 1 20.974 1.19 10 26.358 0.42 1 17.075 1.43  
11 27.801 0.11 1 18.010 0.80 11 25.141 0.80 1 16.287 1.95  
12 26.358 0.42 1 17.075 1.43 12 30.122 0.24 1 19.513 0.21  
13 25.141 0.80 1 16.287 1.95 13 31.046 0.65 1 20.112 0.61  
14 30.122 0.24 1 19.513 0.21 14 30.806 1.36 1 19.956 0.50  
15 22.510 0.17 1 14.582 3.10 15 26.400 0.37 1 17.102 1.41  
16 31.046 0.65 1 20.112 0.61 16 30.030 0.85 1 19.454 0.17  
17 30.806 1.36 1 19.956 0.50 17 28.221 0.69 1 18.282 0.62  
18 26.400 0.37 1 17.102 1.41 18 34.551 0.16 1 22.383 2.13  
19 28.834 0.71 1 18.679 0.35 19 28.960 0.91 1 18.761 0.30  
20 30.030 0.85 1 19.454 0.17 20 26.824 0.28 1 17.377 1.22  
21 28.221 0.69 1 18.282 0.62 21 30.248 0.85 1 19.595 0.26  
22 34.551 0.16 1 22.383 2.13 22 32.115 1.38 1 20.805 1.07  
23 28.960 0.91 1 18.761 0.30 23 30.287 0.30 1 19.620 0.28  
24 26.824 0.28 1 17.377 1.22 24 29.087 1.21 1 18.843 0.24  
25 30.248 0.85 1 19.595 0.26 25 30.052 1.93 1 19.468 0.18  
26 32.115 1.38 1 20.805 1.07 26 32.076 1.17 1 20.779 1.05  
27 30.287 0.30 1 19.620 0.28 27 28.666 0.21 1 18.570 0.42  
28 29.087 1.21 1 18.843 0.24 28 30.061 0.14 1 19.474 0.18  
29 30.052 1.93 1 19.468 0.18 29 29.301 1.09 1 18.982 0.15  
30 32.076 1.17 1 20.779 1.05 30 26.443 1.68 1 17.130 1.39  
31 28.666 0.21 1 18.570 0.42 31 31.426 1.32 1 20.358 0.77  
32 30.061 0.14 1 19.474 0.18 32 30.930 1.25 1 20.037 0.56  
33 29.301 1.09 1 18.982 0.15 33 31.362 0.48 1 20.317 0.75  
34 26.443 1.68 1 17.130 1.39 34 24.610 0.78 1 15.943 2.19  
35 31.426 1.32 1 20.358 0.77 35 27.862 1.19 1 18.049 0.77  
36 30.930 1.25 1 20.037 0.56 36 32.376 0.86 1 20.973 1.18  
37 31.657 0.17 1 20.508 0.87 37 31.359 0.62 1 20.314 0.74  
38 31.362 0.48 1 20.317 0.75 38 27.741 1.83 1 17.971 0.83  
39 24.610 0.78 1 15.943 2.19 39 27.027 0.19 1 17.508 1.14  
40 27.862 1.19 1 18.049 0.77 40 33.845 0.61 1 21.925 1.82  
41 32.376 0.86 1 20.973 1.18 41 32.287 0.83 1 20.916 1.15  
42 31.359 0.62 1 20.314 0.74 42 30.070 2.05 1 19.480 0.18  
43 27.741 1.83 1 17.971 0.83 43 28.847 0.80 1 18.687 0.35  
44 27.027 0.19 1 17.508 1.14 44 30.584 1.30 1 19.812 0.41  
45 33.845 0.61 1 21.925 1.82 45 27.171 1.04 1 17.601 1.07  
46 32.287 0.83 1 20.916 1.15       
47 30.070 2.05 1 19.480 0.18       
48 28.847 0.80 1 18.687 0.35       
49 30.584 1.30 1 19.812 0.41       























































All Disks Weighted Disks Total Errors 
De (Gy) Age (ka) De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
Mean = 1.39 0.733 Mean = 1.45 0.764 0.153 0.061 
Median = 1.36 0.720 Median = 1.41 0.748 
Min = 0.36 0.191 Min = 0.99 0.524 
Max = 2.04 1.078 Max = 2.04 1.078 
S.D. (1σ) = 0.32 S.D. (1σ) = 0.27 Dose Rate = 1.891 0.115 
Std. Error = 0.05 Std. Error (1σs)= 0.04 
Error Median = 0.22 Error Median = 0.18 
n = 45 Discs n = 39 Discs 
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ 
1 1.718 0.14 1 0.908 1.01 1 1.718 0.14 1 0.908 1.01 
2 1.466 0.26 1 0.775 0.08 2 1.466 0.26 1 0.775 0.08 
3 1.540 0.26 1 0.814 0.35 3 1.540 0.26 1 0.814 0.35 
4 1.316 0.23 1 0.696 0.48 4 1.316 0.23 1 0.696 0.48 
5 0.946 0.60 1 0.500 1.86 5 0.991 0.23 1 0.524 1.69 
6 0.991 0.23 1 0.524 1.69 6 1.288 0.31 1 0.681 0.59 
7 1.288 0.31 1 0.681 0.59 7 1.320 0.20 1 0.698 0.46 
8 1.320 0.20 1 0.698 0.46 8 1.624 0.17 1 0.859 0.67 
9 1.323 0.59 1 0.700 0.45 9 1.237 0.10 1 0.654 0.78 
10 1.624 0.17 1 0.859 0.67 10 1.254 0.31 1 0.663 0.71 
11 1.237 0.10 1 0.654 0.78 11 1.565 0.11 1 0.828 0.45 
12 1.254 0.31 1 0.663 0.71 12 1.971 0.16 1 1.042 1.95 
13 1.565 0.11 1 0.828 0.45 13 1.049 0.07 1 0.555 1.47 
14 1.971 0.16 1 1.042 1.95 14 1.355 0.13 1 0.716 0.34 
15 1.049 0.07 1 0.555 1.47 15 1.101 0.40 1 0.582 1.28 
16 0.361 0.25 1 0.191 4.03 16 1.319 0.38 1 0.698 0.47 
17 1.355 0.13 1 0.716 0.34 17 1.327 0.22 1 0.702 0.44 
18 1.393 0.40 1 0.736 0.19 18 1.969 0.04 1 1.041 1.95 
19 1.101 0.40 1 0.582 1.28 19 1.173 0.14 1 0.620 1.01 
20 1.319 0.38 1 0.698 0.47 20 1.229 0.38 1 0.650 0.80 
21 1.327 0.22 1 0.702 0.44 21 0.991 0.37 1 0.524 1.69 
22 1.969 0.04 1 1.041 1.95 22 1.491 0.24 1 0.789 0.17 
23 1.120 0.52 1 0.592 1.21 23 1.471 0.23 1 0.778 0.10 
24 1.173 0.14 1 0.620 1.01 24 1.758 0.18 1 0.929 1.16 
25 1.229 0.38 1 0.650 0.80 25 1.979 0.15 1 1.046 1.98 
26 0.991 0.37 1 0.524 1.69 26 1.442 0.18 1 0.762 0.01 
27 1.491 0.24 1 0.789 0.17 27 1.470 0.16 1 0.777 0.09 
28 1.471 0.23 1 0.778 0.10 28 1.184 0.34 1 0.626 0.97 
29 1.758 0.18 1 0.929 1.16 29 1.338 0.05 1 0.708 0.40 
30 1.979 0.15 1 1.046 1.98 30 1.720 0.08 1 0.910 1.02 
31 1.442 0.18 1 0.762 0.01 31 1.414 0.06 1 0.748 0.12 
32 0.900 0.46 1 0.476 2.03 32 1.233 0.24 1 0.652 0.79 
33 1.470 0.16 1 0.777 0.09 33 2.039 0.22 1 1.078 2.21 
34 1.184 0.34 1 0.626 0.97 34 1.535 0.15 1 0.812 0.33 
35 1.338 0.05 1 0.708 0.40 35 1.424 0.25 1 0.753 0.08 
36 1.720 0.08 1 0.910 1.02 36 1.385 0.07 1 0.732 0.23 
37 1.414 0.06 1 0.748 0.12 37 1.361 0.13 1 0.720 0.31 
38 1.233 0.24 1 0.652 0.79 38 1.526 0.11 1 0.807 0.30 
39 2.039 0.22 1 1.078 2.21 39 1.791 0.12 1 0.947 1.28 
40 1.535 0.15 1 0.812 0.33       
41 1.424 0.25 1 0.753 0.08       
42 1.385 0.07 1 0.732 0.23       
43 1.361 0.13 1 0.720 0.31       
44 1.526 0.11 1 0.807 0.30       


























     
 






























All Disks Weighted Disks Total Errors 
De (Gy) Age (ka) De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
Mean = 1.54 0.897 Mean = 1.55 0.902 0.168 0.073 
Median = 1.55 0.906 Median = 1.55 0.903 
Min = 1.03 0.597 Min = 1.03 0.597 
Max = 2.24 1.305 Max = 2.24 1.305 
S.D. (1σ) = 0.27 S.D. (1σ) = 0.26 Dose Rate = 1.717 0.106 
Std. Error = 0.04 Std. Error (1σ 0.05 
Error Median = 0.24 Error Median 0.19 
n = 37 Discs n = 34 Discs 
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ 
1 1.456 0.12 1 0.848 0.35 1 1.456 0.12 1 0.848 0.35 
2 1.789 0.36 1 1.042 0.91 2 1.026 0.33 1 0.597 1.97 
3 1.026 0.33 1 0.597 1.97 3 1.707 0.25 1 0.994 0.60 
4 1.707 0.25 1 0.994 0.60 4 1.380 0.26 1 0.804 0.63 
5 1.380 0.26 1 0.804 0.63 5 1.555 0.17 1 0.906 0.03 
6 1.555 0.17 1 0.906 0.03 6 1.488 0.45 1 0.867 0.22 
7 1.488 0.45 1 0.867 0.22 7 1.382 0.24 1 0.805 0.63 
8 1.382 0.24 1 0.805 0.63 8 1.522 0.14 1 0.887 0.10 
9 1.522 0.14 1 0.887 0.10 9 1.717 0.40 1 1.000 0.64 
10 1.717 0.40 1 1.000 0.64 10 1.048 0.15 1 0.611 1.88 
11 1.048 0.15 1 0.611 1.88 11 1.522 0.11 1 0.887 0.09 
12 1.522 0.11 1 0.887 0.09 12 1.421 0.10 1 0.828 0.48 
13 1.421 0.10 1 0.828 0.48 13 1.562 0.46 1 0.910 0.06 
14 1.562 0.46 1 0.910 0.06 14 1.748 0.25 1 1.018 0.76 
15 1.029 0.43 1 0.600 1.96 15 1.247 0.03 1 0.726 1.13 
16 1.748 0.25 1 1.018 0.76 16 1.555 0.12 1 0.906 0.03 
17 1.247 0.03 1 0.726 1.13 17 1.164 0.10 1 0.678 1.45 
18 1.555 0.12 1 0.906 0.03 18 1.671 0.25 1 0.973 0.46 
19 1.164 0.10 1 0.678 1.45 19 2.241 0.11 1 1.305 2.62 
20 1.671 0.25 1 0.973 0.46 20 1.544 0.49 1 0.900 0.01 
21 2.241 0.11 1 1.305 2.62 21 2.035 0.17 1 1.186 1.84 
22 1.544 0.49 1 0.900 0.01 22 1.679 0.33 1 0.978 0.50 
23 2.035 0.17 1 1.186 1.84 23 1.518 0.44 1 0.884 0.11 
24 1.679 0.33 1 0.978 0.50 24 1.852 0.13 1 1.079 1.15 
25 1.518 0.44 1 0.884 0.11 25 1.393 0.13 1 0.811 0.58 
26 1.852 0.13 1 1.079 1.15 26 1.298 0.19 1 0.756 0.94 
27 1.393 0.13 1 0.811 0.58 27 1.676 0.33 1 0.977 0.49 
28 1.298 0.19 1 0.756 0.94 28 1.316 0.31 1 0.767 0.87 
29 1.676 0.33 1 0.977 0.49 29 2.007 0.44 1 1.169 1.74 
30 1.316 0.31 1 0.767 0.87 30 1.639 0.28 1 0.955 0.35 
31 2.007 0.44 1 1.169 1.74 31 1.617 0.12 1 0.942 0.26 
32 1.639 0.28 1 0.955 0.35 32 1.232 0.20 1 0.718 1.19 
33 1.617 0.12 1 0.942 0.26 33 1.749 0.15 1 1.019 0.76 
34 1.555 0.47 1 0.906 0.03 34 1.648 0.09 1 0.960 0.38 
35 1.232 0.20 1 0.718 1.19 
36 1.749 0.15 1 1.019 0.76 
























































All Disks Weighted Disks Total Errors 
De (Gy) Age (ka) De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
Mean = 1.55 0.810 Mean = 1.43 0.806 0.190 0.062 
Median = 1.40 0.732 Median = 1.36 0.711 
Min = 0.74 0.385 Min = 0.74 0.385 
Max = 5.69 2.976 Max = 2.60 1.358 
S.D. (1σ) = 0.74 S.D. (1σ) = 0.35 Dose Rate = 1.912 0.113 
Std. Error = 0.11 Std. Error (1σs)= 0.06 
Error Median = 0.32 Error Median = 0.28 
n = 42 Discs n = 35 Discs 
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ 
1 1.348 0.20 1 0.705 0.24 1 1.348 0.20 1 0.705 0.24 
2 0.886 0.21 1 0.463 1.57 2 0.886 0.21 1 0.463 1.57 
3 0.736 0.30 1 0.385 2.00 3 0.736 0.30 1 0.385 2.00 
4 1.932 0.10 1 1.011 1.44 4 1.932 0.10 1 1.011 1.44 
5 1.304 0.42 1 0.682 0.37 5 1.304 0.42 1 0.682 0.37 
6 0.946 0.62 1 0.495 1.40 6 0.946 0.62 1 0.495 1.40 
7 1.345 0.58 1 0.703 0.25 7 1.345 0.58 1 0.703 0.25 
8 1.224 0.29 1 0.640 0.60 8 1.224 0.29 1 0.640 0.60 
9 1.358 0.44 1 0.711 0.21 9 1.358 0.44 1 0.711 0.21 
10 1.261 0.56 1 0.660 0.49 10 1.261 0.56 1 0.660 0.49 
11 1.244 0.03 1 0.650 0.54 11 1.244 0.03 1 0.650 0.54 
12 1.196 0.56 1 0.626 0.68 12 1.196 0.56 1 0.626 0.68 
13 1.359 0.40 1 0.711 0.21 13 1.359 0.40 1 0.711 0.21 
14 1.356 0.35 1 0.709 0.22 14 1.356 0.35 1 0.709 0.22 
15 5.689 0.33 1 2.976 12.24 15 1.770 0.38 1 0.926 0.97 
16 1.770 0.38 1 0.926 0.97 16 1.195 0.23 1 0.625 0.68 
17 1.195 0.23 1 0.625 0.68 17 1.404 0.42 1 0.734 0.08 
18 1.404 0.42 1 0.734 0.08 18 1.383 0.35 1 0.723 0.14 
19 1.383 0.35 1 0.723 0.14 19 1.334 0.52 1 0.698 0.28 
20 1.334 0.52 1 0.698 0.28 20 1.402 0.40 1 0.733 0.08 
21 1.402 0.40 1 0.733 0.08 21 1.255 0.27 1 0.656 0.51 
22 1.255 0.27 1 0.656 0.51 22 1.083 0.52 1 0.567 1.00 
23 1.083 0.52 1 0.567 1.00 23 0.973 0.28 1 0.509 1.32 
24 0.973 0.28 1 0.509 1.32 24 1.556 0.37 1 0.814 0.36 
25 1.556 0.37 1 0.814 0.36 25 1.397 0.16 1 0.731 0.10 
26 1.397 0.16 1 0.731 0.10 26 1.766 0.20 1 0.924 0.96 
27 1.792 0.38 1 0.937 1.04 27 1.592 0.19 1 0.833 0.46 
28 0.765 0.74 1 0.400 1.92 28 1.766 0.21 1 0.924 0.96 
29 1.482 0.48 1 0.775 0.15 29 1.791 0.02 1 0.937 1.03 
30 1.766 0.20 1 0.924 0.96 30 2.596 0.04 1 1.358 3.35 
31 1.592 0.19 1 0.833 0.46 31 1.694 0.10 1 0.886 0.75 
32 1.766 0.21 1 0.924 0.96 32 1.646 0.16 1 0.861 0.62 
33 1.791 0.02 1 0.937 1.03 33 1.629 0.13 1 0.852 0.57 
34 1.785 0.13 1 0.934 1.02 34 1.529 0.22 1 0.800 0.28 
35 2.596 0.04 1 1.358 3.35 35 1.846 0.23 1 0.966 1.19 
36 1.694 0.10 1 0.886 0.75       
37 1.646 0.16 1 0.861 0.62       
38 1.818 0.40 1 0.951 1.11       
39 1.629 0.13 1 0.852 0.57       
40 1.529 0.22 1 0.800 0.28       
41 1.640 0.44 1 0.858 0.60       
























     
 





























All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 27.24 14.966 
  
Mean = 27.85 15.300 1.808 1.160 
 
Median = 27.56 15.138   Median = 27.87 15.309  
 
Min = 18.21 10.002   Min = 22.25 12.222  
 
Max = 32.78 18.008   Max = 32.78 18.008  
 S.D. (1σ) = 3.22    S.D. (1σ) = 2.56  Dose Rate = 1.820 0.111 
 
Std. Error = 0.51    Std. Error (1σs)= 0.44    
 
Error Median = 0.40    Error Median = 0.38    
 
n = 40 Discs   n = 34 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 27.348 0.41 1 15.024 0.20 1 27.348 0.41 1 15.024 0.20  
2 23.358 0.84 1 12.832 1.75 2 30.501 0.10 1 16.755 1.03  
3 30.501 0.10 1 16.755 1.03 3 25.731 0.03 1 14.135 0.83  
4 25.731 0.03 1 14.135 0.83 4 30.115 0.61 1 16.544 0.88  
5 30.115 0.61 1 16.544 0.88 5 32.466 0.51 1 17.835 1.80  
6 32.466 0.51 1 17.835 1.80 6 27.938 0.40 1 15.348 0.03  
7 27.938 0.40 1 15.348 0.03 7 25.145 0.40 1 13.813 1.06  
8 27.765 1.44 1 15.252 0.03 8 26.891 0.37 1 14.773 0.37  
9 25.145 0.40 1 13.813 1.06 9 30.486 0.21 1 16.747 1.03  
10 26.891 0.37 1 14.773 0.37 10 25.116 0.46 1 13.797 1.07  
11 30.486 0.21 1 16.747 1.03 11 27.796 0.39 1 15.269 0.02  
12 29.036 0.95 1 15.951 0.46 12 32.781 0.50 1 18.008 1.92  
13 25.116 0.46 1 13.797 1.07 13 28.474 0.65 1 15.642 0.24  
14 27.796 0.39 1 15.269 0.02 14 26.905 0.26 1 14.780 0.37  
15 32.781 0.50 1 18.008 1.92 15 28.251 0.45 1 15.519 0.16  
16 28.474 0.65 1 15.642 0.24 16 32.537 0.20 1 17.874 1.83  
17 26.905 0.26 1 14.780 0.37 17 28.605 0.04 1 15.714 0.29  
18 28.251 0.45 1 15.519 0.16 18 28.681 0.24 1 15.756 0.32  
19 32.537 0.20 1 17.874 1.83 19 26.731 0.36 1 14.685 0.44  
20 28.605 0.04 1 15.714 0.29 20 22.248 0.39 1 12.222 2.19  
21 28.681 0.24 1 15.756 0.32 21 28.506 0.54 1 15.660 0.26  
22 25.655 0.77 1 14.093 0.86 22 24.033 0.26 1 13.203 1.49  
23 26.731 0.36 1 14.685 0.44 23 26.301 0.04 1 14.448 0.61  
24 22.248 0.39 1 12.222 2.19 24 26.039 0.14 1 14.304 0.71  
25 28.506 0.54 1 15.660 0.26 25 30.290 0.75 1 16.640 0.95  
26 24.033 0.26 1 13.203 1.49 26 27.250 0.44 1 14.970 0.23  
27 18.207 0.86 1 10.002 3.77 27 29.691 0.62 1 16.310 0.72  
28 26.301 0.04 1 14.448 0.61 28 27.279 0.06 1 14.986 0.22  
29 26.039 0.14 1 14.304 0.71 29 31.491 0.04 1 17.299 1.42  
30 30.290 0.75 1 16.640 0.95 30 25.097 0.56 1 13.787 1.07  
31 27.250 0.44 1 14.970 0.23 31 28.018 0.06 1 15.392 0.07  
32 29.691 0.62 1 16.310 0.72 32 24.473 0.58 1 13.444 1.32  
33 27.279 0.06 1 14.986 0.22 33 24.726 0.28 1 13.583 1.22  
34 31.491 0.04 1 17.299 1.42 34 28.985 0.31 1 15.923 0.44  
35 25.097 0.56 1 13.787 1.07       
36 28.018 0.06 1 15.392 0.07       
37 24.473 0.58 1 13.444 1.32       
38 18.800 0.10 1 10.328 3.53       
39 24.726 0.28 1 13.583 1.22       





















































All Disks Weighted Disks Total Errors 
  De (Gy) Age (ka)     De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err  
Mean = 1.08 0.586 
   
Mean = 1.21 0.658 0.142 0.054 
Median = 1.09 0.595    Median = 1.28 0.695   
Min = 0.45 0.245    Min = 0.67 0.366   
Max = 1.58 0.860    Max = 1.58 0.860   
S.D. (1σ) = 0.28     S.D. (1σ) = 0.25  Dose Rate = 1.839 0.108 
Std. Error = 0.04     Std. Error (1σs)= 0.05     
Error Median = 0.67     Error Median = 0.49     
n = 54 Discs    n = 25 Discs    
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 0.818 0.75 1 0.445 1.59 1 0.901 0.68 1 0.490 1.26  
2 0.922 0.75 1 0.502 1.17 2 0.892 0.65 1 0.485 1.30  
3 0.906 0.78 1 0.493 1.24 3 0.797 0.05 1 0.434 1.68  
4 0.515 1.14 1 0.280 2.83 4 1.506 0.42 1 0.819 1.21  
5 0.744 0.60 1 0.405 1.90 5 1.168 0.58 1 0.636 0.17  
6 0.450 0.95 1 0.245 3.10 6 1.278 0.60 1 0.695 0.28  
7 1.132 0.76 1 0.616 0.31 7 1.494 0.67 1 0.813 1.16  
8 1.123 0.81 1 0.611 0.35 8 1.364 0.48 1 0.742 0.63  
9 0.901 0.68 1 0.490 1.26 9 1.201 0.19 1 0.653 0.04  
10 0.842 0.71 1 0.458 1.50 10 1.312 0.26 1 0.714 0.42  
11 0.878 1.08 1 0.477 1.35 11 0.848 0.54 1 0.461 1.47  
12 1.104 0.35 1 0.601 0.43 12 1.204 0.69 1 0.655 0.02  
13 0.892 0.65 1 0.485 1.30 13 1.377 0.74 1 0.749 0.69  
14 1.044 0.45 1 0.568 0.67 14 0.674 0.48 1 0.366 2.19  
15 0.832 0.79 1 0.452 1.54 15 1.083 0.55 1 0.589 0.51  
16 1.117 0.79 1 0.607 0.38 16 1.371 0.43 1 0.746 0.66  
17 0.797 0.05 1 0.434 1.68 17 1.067 0.33 1 0.580 0.58  
18 1.506 0.42 1 0.819 1.21 18 1.441 0.24 1 0.784 0.95  
19 1.168 0.58 1 0.636 0.17 19 1.330 0.68 1 0.723 0.49  
20 1.278 0.60 1 0.695 0.28 20 1.381 0.49 1 0.751 0.70  
21 0.868 0.42 1 0.472 1.39 21 1.442 0.17 1 0.784 0.95  
22 1.494 0.67 1 0.813 1.16 22 1.328 0.56 1 0.722 0.48  
23 1.077 0.80 1 0.586 0.54 23 1.581 0.08 1 0.860 1.52  
24 1.138 0.72 1 0.619 0.29 24 1.217 0.31 1 0.662 0.03  
25 1.046 0.49 1 0.569 0.66 25 0.977 0.66 1 0.532 0.95  
26 0.677 1.04 1 0.368 2.17        
27 0.908 0.83 1 0.494 1.23        
28 1.048 0.68 1 0.570 0.66        
29 1.364 0.48 1 0.742 0.63        
30 0.914 0.60 1 0.497 1.21        
31 1.201 0.19 1 0.653 0.04        
32 0.695 0.66 1 0.378 2.10        
33 1.450 0.87 1 0.789 0.98        
34 1.312 0.26 1 0.714 0.42        
35 0.701 0.21 1 0.381 2.07        
36 0.567 0.93 1 0.308 2.62        
37 1.355 0.87 1 0.737 0.59        
38 1.266 1.14 1 0.689 0.23        
39 0.848 0.54 1 0.461 1.47        
40 1.204 0.69 1 0.655 0.02        
41 1.377 0.74 1 0.749 0.69        
42 0.674 0.48 1 0.366 2.19        
43 1.083 0.55 1 0.589 0.51        
44 1.371 0.43 1 0.746 0.66        
45 1.067 0.33 1 0.580 0.58        
46 1.441 0.24 1 0.784 0.95        
47 1.396 0.82 1 0.759 0.76        
48 1.330 0.68 1 0.723 0.49        
49 1.381 0.49 1 0.751 0.70        
50 1.442 0.17 1 0.784 0.95        
51 1.328 0.56 1 0.722 0.48        
52 1.369 0.79 1 0.745 0.65        
53 1.581 0.08 1 0.860 1.52        










   
 












































All Disks Weighted Disks Total Errors 
  De (Gy) Age (ka)     De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err  
Mean = 1.45 0.791 
   
Mean = 1.48 0.809 0.162 0.061 
Median = 1.42 0.773    Median = 1.45 0.790   
Min = 0.69 0.375    Min = 0.99 0.543   
Max = 2.21 1.206    Max = 2.21 1.206   
S.D. (1σ) = 0.30     S.D. (1σ) = 0.28  Dose Rate = 1.830 0.104 
Std. Error = 0.04     Std. Error (1σs)= 0.04     
Error Median = 0.24     Error Median = 0.23     
n = 48 Discs    n = 45 Discs    
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 1.026 0.09 1 0.561 1.63 1 1.026 0.09 1 0.561 1.63  
2 1.344 0.13 1 0.735 0.49 2 1.344 0.13 1 0.735 0.49  
3 1.414 0.33 1 0.773 0.24 3 1.414 0.33 1 0.773 0.24  
4 1.308 0.50 1 0.715 0.62 4 1.308 0.50 1 0.715 0.62  
5 1.446 0.01 1 0.790 0.13 5 1.446 0.01 1 0.790 0.13  
6 1.407 0.38 1 0.769 0.27 6 1.407 0.38 1 0.769 0.27  
7 1.598 0.29 1 0.873 0.42 7 1.598 0.29 1 0.873 0.42  
8 1.025 0.05 1 0.560 1.64 8 1.025 0.05 1 0.560 1.64  
9 1.099 0.23 1 0.601 1.37 9 1.099 0.23 1 0.601 1.37  
10 2.207 0.12 1 1.206 2.61 10 2.207 0.12 1 1.206 2.61  
11 1.782 0.36 1 0.974 1.08 11 1.782 0.36 1 0.974 1.08  
12 1.487 0.10 1 0.813 0.02 12 1.487 0.10 1 0.813 0.02  
13 1.608 0.18 1 0.879 0.46 13 1.608 0.18 1 0.879 0.46  
14 1.646 0.17 1 0.900 0.59 14 1.646 0.17 1 0.900 0.59  
15 0.687 0.69 1 0.375 2.85 15 1.170 0.21 1 0.639 1.12  
16 1.170 0.21 1 0.639 1.12 16 1.944 0.30 1 1.062 1.66  
17 1.944 0.30 1 1.062 1.66 17 1.450 0.24 1 0.792 0.11  
18 1.450 0.24 1 0.792 0.11 18 1.389 0.14 1 0.759 0.33  
19 1.389 0.14 1 0.759 0.33 19 1.824 0.14 1 0.996 1.23  
20 1.824 0.14 1 0.996 1.23 20 1.232 0.28 1 0.673 0.89  
21 1.232 0.28 1 0.673 0.89 21 1.684 0.05 1 0.920 0.73  
22 1.684 0.05 1 0.920 0.73 22 1.229 0.19 1 0.671 0.91  
23 1.229 0.19 1 0.671 0.91 23 1.714 0.09 1 0.937 0.84  
24 1.714 0.09 1 0.937 0.84 24 1.417 0.05 1 0.774 0.23  
25 1.417 0.05 1 0.774 0.23 25 1.160 0.18 1 0.634 1.15  
26 1.160 0.18 1 0.634 1.15 26 1.491 0.25 1 0.815 0.04  
27 1.491 0.25 1 0.815 0.04 27 1.383 0.27 1 0.756 0.35  
28 1.383 0.27 1 0.756 0.35 28 1.944 0.29 1 1.062 1.66  
29 1.944 0.29 1 1.062 1.66 29 1.809 0.23 1 0.989 1.18  
30 1.809 0.23 1 0.989 1.18 30 1.817 0.11 1 0.993 1.21  
31 1.817 0.11 1 0.993 1.21 31 1.302 0.15 1 0.711 0.64  
32 1.302 0.15 1 0.711 0.64 32 1.818 0.36 1 0.994 1.21  
33 1.065 0.48 1 0.582 1.50 33 1.703 0.02 1 0.930 0.80  
34 1.035 0.44 1 0.565 1.60 34 1.307 0.28 1 0.714 0.63  
35 1.818 0.36 1 0.994 1.21 35 1.213 0.26 1 0.663 0.96  
36 1.703 0.02 1 0.930 0.80 36 0.994 0.35 1 0.543 1.75  
37 1.307 0.28 1 0.714 0.63 37 1.506 0.48 1 0.823 0.09  
38 1.213 0.26 1 0.663 0.96 38 1.264 0.28 1 0.691 0.78  
39 0.994 0.35 1 0.543 1.75 39 1.567 0.29 1 0.856 0.31  
40 1.506 0.48 1 0.823 0.09 40 1.191 0.13 1 0.651 1.04  
41 1.264 0.28 1 0.691 0.78 41 1.576 0.30 1 0.861 0.34  
42 1.567 0.29 1 0.856 0.31 42 1.794 0.32 1 0.980 1.12  
43 1.191 0.13 1 0.651 1.04 43 1.381 0.05 1 0.755 0.36  
44 1.576 0.30 1 0.861 0.34 44 1.725 0.31 1 0.943 0.88  
45 1.794 0.32 1 0.980 1.12 45 1.257 0.21 1 0.687 0.81  
46 1.381 0.05 1 0.755 0.36        
47 1.725 0.31 1 0.943 0.88        
























































All Disks Weighted Disks Total Errors 
  De (Gy) Age (ka)     De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err  
Mean = 1.42 0.754 
   
Mean = 1.40 0.805 0.413 0.086 
Median = 1.18 0.631    Median = 1.21 0.644   
Min = 0.50 0.265    Min = 0.56 0.300   
Max = 5.63 2.997    Max = 4.05 2.156   
S.D. (1σ) = 0.96     S.D. (1σ) = 0.77  Dose Rate = 1.877 0.108 
Std. Error = 0.14     Std. Error (1σs)= 0.13     
Error Median = 0.47     Error Median = 0.44     
n = 45 Discs    n = 36 Discs    
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 0.626 0.47 1 0.333 1.01 1 1.369 0.25 1 0.729 0.04  
2 3.700 0.05 1 1.971 2.99 2 1.102 0.24 1 0.587 0.39  
3 1.190 0.65 1 0.634 0.28 3 1.018 0.39 1 0.543 0.50  
4 1.162 0.72 1 0.619 0.31 4 1.193 0.48 1 0.636 0.27  
5 1.004 0.52 1 0.535 0.52 5 0.917 0.14 1 0.488 0.63  
6 0.938 1.38 1 0.500 0.60 6 1.241 0.25 1 0.661 0.21  
7 1.040 0.33 1 0.554 0.47 7 1.056 0.00 1 0.563 0.45  
8 1.137 0.73 1 0.606 0.34 8 1.475 0.55 1 0.786 0.10  
9 0.497 0.70 1 0.265 1.18 9 0.562 0.49 1 0.300 1.09  
10 0.959 0.12 1 0.511 0.58 10 1.405 0.09 1 0.748 0.00  
11 4.047 0.18 1 2.156 3.44 11 1.316 0.60 1 0.701 0.11  
12 5.625 0.02 1 2.997 5.49 12 3.700 0.05 1 1.971 2.99  
13 1.128 0.43 1 0.601 0.36 13 1.190 0.65 1 0.634 0.28  
14 1.060 1.16 1 0.565 0.44 14 1.162 0.72 1 0.619 0.31  
15 1.057 0.56 1 0.563 0.45 15 1.004 0.52 1 0.535 0.52  
16 1.185 0.09 1 0.631 0.28 16 1.040 0.33 1 0.554 0.47  
17 1.048 0.43 1 0.558 0.46 17 1.137 0.73 1 0.606 0.34  
18 1.151 0.19 1 0.613 0.33 18 0.959 0.12 1 0.511 0.58  
19 0.970 0.90 1 0.517 0.56 19 4.047 0.18 1 2.156 3.44  
20 3.755 0.48 1 2.000 3.06 20 1.128 0.43 1 0.601 0.36  
21 1.328 0.75 1 0.707 0.10 21 1.060 1.16 1 0.565 0.44  
22 1.270 0.30 1 0.677 0.17 22 1.057 0.56 1 0.563 0.45  
23 1.125 0.84 1 0.599 0.36 23 1.185 0.09 1 0.631 0.28  
24 1.465 0.45 1 0.780 0.08 24 1.151 0.19 1 0.613 0.33  
25 1.373 0.46 1 0.731 0.04 25 3.755 0.48 1 2.000 3.06  
26 1.224 0.11 1 0.652 0.23 26 1.270 0.30 1 0.677 0.17  
27 0.863 0.59 1 0.460 0.70 27 1.465 0.45 1 0.780 0.08  
28 1.457 0.63 1 0.776 0.07 28 1.373 0.46 1 0.731 0.04  
29 1.434 0.75 1 0.764 0.04 29 1.224 0.11 1 0.652 0.23  
30 1.276 0.20 1 0.680 0.16 30 0.863 0.59 1 0.460 0.70  
31 1.265 0.61 1 0.674 0.18 31 1.457 0.63 1 0.776 0.07  
32 1.374 1.05 1 0.732 0.04 32 1.434 0.75 1 0.764 0.04  
33 1.091 0.78 1 0.581 0.40 33 1.276 0.20 1 0.680 0.16  
34 1.238 0.22 1 0.660 0.21 34 1.265 0.61 1 0.674 0.18  
35 1.465 0.45 1 0.780 0.08 35 1.374 1.05 1 0.732 0.04  
36 1.373 0.46 1 0.731 0.04 36 1.238 0.22 1 0.660 0.21  
37 1.224 0.11 1 0.652 0.23        
38 0.863 0.59 1 0.460 0.70        
39 1.457 0.63 1 0.776 0.07        
40 1.434 0.75 1 0.764 0.04        
41 1.276 0.20 1 0.680 0.16        
42 1.265 0.61 1 0.674 0.18        
43 1.374 1.05 1 0.732 0.04        
44 1.091 0.78 1 0.581 0.40        























































All Disks Weighted Disks Total Errors 
  De (Gy) Age (ka)     De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err  
Mean = 1.16 0.616 
   
Mean = 1.21 0.644 0.099 0.049 
Median = 1.19 0.633    Median = 1.20 0.637   
Min = 0.44 0.235    Min = 0.83 0.443   
Max = 1.68 0.894    Max = 1.48 0.788   
S.D. (1σ) = 0.24     S.D. (1σ) = 0.17  Dose Rate = 1.885 0.110 
Std. Error = 0.03     Std. Error (1σs)= 0.03     
Error Median = 0.48     Error Median = 0.38     
n = 51 Discs    n = 34 Discs    
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 0.982 0.50 1 0.521 1.40 1 0.982 0.50 1 0.521 1.40  
2 1.167 0.84 1 0.619 0.28 2 1.485 0.33 1 0.788 1.65  
3 1.485 0.33 1 0.788 1.65 3 1.009 0.15 1 0.535 1.24  
4 1.009 0.15 1 0.535 1.24 4 1.174 0.30 1 0.623 0.24  
5 1.174 0.30 1 0.623 0.24 5 1.103 0.48 1 0.585 0.67  
6 1.103 0.48 1 0.585 0.67 6 1.239 0.13 1 0.657 0.15  
7 1.239 0.13 1 0.657 0.15 7 1.136 0.50 1 0.603 0.47  
8 0.954 0.59 1 0.506 1.57 8 1.028 0.65 1 0.545 1.12  
9 1.444 0.19 1 0.766 1.40 9 0.976 0.34 1 0.518 1.44  
10 0.956 1.24 1 0.507 1.56 10 1.185 0.29 1 0.629 0.17  
11 1.136 0.50 1 0.603 0.47 11 1.192 0.27 1 0.632 0.13  
12 1.028 0.65 1 0.545 1.12 12 1.260 0.50 1 0.669 0.29  
13 0.976 0.34 1 0.518 1.44 13 1.407 0.43 1 0.747 1.18  
14 0.806 0.84 1 0.428 2.47 14 1.375 0.56 1 0.729 0.98  
15 1.185 0.29 1 0.629 0.17 15 1.340 0.53 1 0.711 0.76  
16 1.192 0.27 1 0.632 0.13 16 0.904 0.48 1 0.479 1.88  
17 0.443 0.25 1 0.235 4.67 17 1.010 0.48 1 0.536 1.23  
18 1.260 0.50 1 0.669 0.29 18 1.236 0.62 1 0.656 0.14  
19 1.407 0.43 1 0.747 1.18 19 1.199 0.42 1 0.636 0.08  
20 0.635 0.42 1 0.337 3.50 20 1.192 0.34 1 0.633 0.13  
21 1.375 0.56 1 0.729 0.98 21 1.345 0.30 1 0.714 0.80  
22 1.340 0.53 1 0.711 0.76 22 1.406 0.03 1 0.746 1.17  
23 1.276 0.88 1 0.677 0.38 23 0.835 0.59 1 0.443 2.29  
24 0.904 0.48 1 0.479 1.88 24 1.171 0.52 1 0.621 0.26  
25 1.010 0.48 1 0.536 1.23 25 1.195 0.16 1 0.634 0.11  
26 1.013 1.34 1 0.538 1.21 26 1.448 0.30 1 0.768 1.42  
27 1.236 0.62 1 0.656 0.14 27 1.358 0.55 1 0.721 0.88  
28 1.377 0.69 1 0.730 0.99 28 1.204 0.23 1 0.639 0.06  
29 1.036 0.91 1 0.550 1.07 29 1.406 0.68 1 0.746 1.17  
30 1.199 0.42 1 0.636 0.08 30 1.209 0.75 1 0.641 0.03  
31 1.192 0.34 1 0.633 0.13 31 1.148 0.26 1 0.609 0.40  
32 0.535 0.84 1 0.284 4.11 32 1.382 0.29 1 0.733 1.02  
33 1.345 0.30 1 0.714 0.80 33 1.424 0.28 1 0.755 1.27  
34 1.406 0.03 1 0.746 1.17 34 1.292 0.16 1 0.686 0.48  
35 1.061 0.97 1 0.563 0.93        
36 0.835 0.59 1 0.443 2.29        
37 1.684 0.15 1 0.894 2.86        
38 1.171 0.52 1 0.621 0.26        
39 1.195 0.16 1 0.634 0.11        
40 1.448 0.30 1 0.768 1.42        
41 1.358 0.55 1 0.721 0.88        
42 0.964 1.39 1 0.511 1.51        
43 1.204 0.23 1 0.639 0.06        
44 1.406 0.68 1 0.746 1.17        
45 1.346 0.21 1 0.714 0.81        
46 1.273 1.10 1 0.675 0.36        
47 1.209 0.75 1 0.641 0.03        
48 1.148 0.26 1 0.609 0.40        
49 1.382 0.29 1 0.733 1.02        
50 1.424 0.28 1 0.755 1.27        

























































All Disks Weighted Disks Total Errors 
  De (Gy) Age (ka)     De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err  
Mean = 1.32 0.714 
   
Mean = 1.40 0.756 0.207 0.065 
Median = 1.32 0.712    Median = 1.34 0.723   
Min = -0.46 -0.247    Min = 0.60 0.324   
Max = 2.26 1.219    Max = 2.26 1.219   
S.D. (1σ) = 0.47     S.D. (1σ) = 0.37  Dose Rate = 1.854 0.109 
Std. Error = 0.07     Std. Error (1σs)= 0.07     
Error Median = 0.51     Error Median = 0.49     
n = 41 Discs    n = 31 Discs    
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 1.341 0.75 1 0.723 0.17 1 1.341 0.75 1 0.723 0.17  
2 1.139 0.66 1 0.614 0.71 2 1.139 0.66 1 0.614 0.71  
3 1.320 0.49 1 0.712 0.22 3 1.320 0.49 1 0.712 0.22  
4 1.190 0.83 1 0.642 0.58 4 1.458 0.69 1 0.786 0.15  
5 1.458 0.69 1 0.786 0.15 5 1.361 0.56 1 0.734 0.11  
6 0.934 0.79 1 0.504 1.27 6 1.257 0.59 1 0.678 0.39  
7 1.361 0.56 1 0.734 0.11 7 1.373 0.56 1 0.740 0.08  
8 1.257 0.59 1 0.678 0.39 8 1.003 0.36 1 0.541 1.08  
9 1.373 0.56 1 0.740 0.08 9 1.099 0.10 1 0.593 0.82  
10 1.003 0.36 1 0.541 1.08 10 1.309 0.48 1 0.706 0.25  
11 1.099 0.10 1 0.593 0.82 11 1.252 0.49 1 0.675 0.41  
12 1.170 0.82 1 0.631 0.63 12 1.660 0.16 1 0.895 0.70  
13 1.309 0.48 1 0.706 0.25 13 0.601 0.48 1 0.324 2.17  
14 1.252 0.49 1 0.675 0.41 14 1.447 0.90 1 0.781 0.12  
15 -0.457 0.62 1 -0.247 5.03 15 1.474 0.45 1 0.795 0.19  
16 1.660 0.16 1 0.895 0.70 16 1.224 0.23 1 0.660 0.48  
17 0.601 0.48 1 0.324 2.17 17 1.278 0.51 1 0.689 0.34  
18 1.447 0.90 1 0.781 0.12 18 1.068 1.04 1 0.576 0.91  
19 0.697 0.30 1 0.376 1.91 19 1.212 0.61 1 0.653 0.52  
20 1.474 0.45 1 0.795 0.19 20 1.480 0.30 1 0.798 0.21  
21 1.224 0.23 1 0.660 0.48 21 1.145 0.55 1 0.617 0.70  
22 1.278 0.51 1 0.689 0.34 22 1.807 0.06 1 0.974 1.09  
23 1.068 1.04 1 0.576 0.91 23 2.260 0.06 1 1.219 2.32  
24 1.212 0.61 1 0.653 0.52 24 1.217 0.37 1 0.656 0.50  
25 1.480 0.30 1 0.798 0.21 25 1.947 0.43 1 1.050 1.47  
26 1.145 0.55 1 0.617 0.70 26 1.780 0.25 1 0.960 1.02  
27 2.170 0.90 1 1.170 2.07 27 2.136 0.51 1 1.152 1.98  
28 1.807 0.06 1 0.974 1.09 28 1.825 0.19 1 0.984 1.14  
29 2.260 0.06 1 1.219 2.32 29 1.798 0.51 1 0.970 1.07  
30 1.217 0.37 1 0.656 0.50 30 1.502 0.08 1 0.810 0.27  
31 1.947 0.43 1 1.050 1.47 31 0.716 0.50 1 0.386 1.86  
32 1.780 0.25 1 0.960 1.02        
33 1.423 0.84 1 0.767 0.05        
34 2.136 0.51 1 1.152 1.98        
35 1.825 0.19 1 0.984 1.14        
36 1.798 0.51 1 0.970 1.07        
37 0.880 0.68 1 0.474 1.42        
38 1.327 0.75 1 0.716 0.21        
39 1.502 0.08 1 0.810 0.27        
40 1.498 1.13 1 0.808 0.26        






















































All Disks     Weighted Disks   Total Errors  
  
De (Gy) Age (ka) 
   
De (Gy) Age (ka) +/- 1σ +/- 1 Std. Err 
 
Mean = 38.30 22.074 
  
Mean = 39.91 23.000 5.318 1.894 
 
Median = 36.72 21.162   Median = 37.76 21.762  
 
Min = 23.50 13.543   Min = 28.48 16.410  
 
Max = 65.23 37.588   Max = 65.23 37.588  
 S.D. (1σ) = 9.07    S.D. (1σ) = 8.75  Dose Rate = 1.735 0.104 
 
Std. Error = 1.43    Std. Error (1σs)= 1.50    
 
Error Median = 0.75    Error Median = 0.75    
 
n = 40 Discs   n = 34 Discs   
Disc De Error Wt Age +/- 1 σ Disc De Error Wt Age +/- 1 σ  
1 28.886 1.05 1 16.647 1.26 1 39.309 0.18 1 22.653 0.07  
2 39.309 0.18 1 22.653 0.07 2 30.499 0.88 1 17.576 1.08  
3 30.499 0.88 1 17.576 1.08 3 38.824 2.36 1 22.373 0.12  
4 38.824 2.36 1 22.373 0.12 4 47.347 0.28 1 27.285 0.85  
5 47.347 0.28 1 27.285 0.85 5 33.623 0.98 1 19.377 0.72  
6 23.501 0.35 1 13.543 1.87 6 33.641 0.21 1 19.387 0.72  
7 33.623 0.98 1 19.377 0.72 7 36.536 1.29 1 21.055 0.39  
8 33.641 0.21 1 19.387 0.72 8 34.000 1.63 1 19.594 0.68  
9 34.801 0.43 1 20.055 0.58 9 45.873 0.12 1 26.436 0.68  
10 36.536 1.29 1 21.055 0.39 10 38.108 0.78 1 21.961 0.21  
11 25.635 1.26 1 14.773 1.63 11 33.575 1.15 1 19.349 0.72  
12 34.000 1.63 1 19.594 0.68 12 36.234 2.08 1 20.881 0.42  
13 45.873 0.12 1 26.436 0.68 13 29.618 0.98 1 17.068 1.18  
14 38.108 0.78 1 21.961 0.21 14 42.600 0.23 1 24.550 0.31  
15 33.575 1.15 1 19.349 0.72 15 65.225 1.25 1 37.588 2.89  
16 36.234 2.08 1 20.881 0.42 16 44.163 1.48 1 25.451 0.49  
17 29.618 0.98 1 17.068 1.18 17 45.112 1.35 1 25.998 0.59  
18 33.182 0.13 1 19.123 0.77 18 35.805 0.68 1 20.634 0.47  
19 42.600 0.23 1 24.550 0.31 19 36.907 1.27 1 21.269 0.34  
20 65.225 1.25 1 37.588 2.89 20 37.585 0.32 1 21.660 0.27  
21 44.163 1.48 1 25.451 0.49 21 43.729 4.62 1 25.201 0.44  
22 29.164 0.98 1 16.807 1.23 22 33.628 0.87 1 19.379 0.72  
23 45.112 1.35 1 25.998 0.59 23 35.625 2.02 1 20.530 0.49  
24 35.805 0.68 1 20.634 0.47 24 40.653 0.10 1 23.428 0.08  
25 36.907 1.27 1 21.269 0.34 25 37.940 0.85 1 21.864 0.23  
26 37.585 0.32 1 21.660 0.27 26 37.199 0.08 1 21.437 0.31  
27 43.729 4.62 1 25.201 0.44 27 61.661 0.45 1 35.535 2.48  
28 33.628 0.87 1 19.379 0.72 28 28.476 0.71 1 16.410 1.31  
29 35.625 2.02 1 20.530 0.49 29 38.402 0.30 1 22.130 0.17  
30 40.653 0.10 1 23.428 0.08 30 33.867 0.59 1 19.517 0.69  
31 37.940 0.85 1 21.864 0.23 31 38.254 0.26 1 22.045 0.19  
32 37.199 0.08 1 21.437 0.31 32 62.642 0.15 1 36.100 2.60  
33 61.661 0.45 1 35.535 2.48 33 46.802 0.19 1 26.972 0.79  
34 28.476 0.71 1 16.410 1.31 34 33.511 0.09 1 19.312 0.73  
35 38.402 0.30 1 22.130 0.17       
36 33.867 0.59 1 19.517 0.69       
37 38.254 0.26 1 22.045 0.19       
38 62.642 0.15 1 36.100 2.60       
39 46.802 0.19 1 26.972 0.79       
40 33.511 0.09 1 19.312 0.73       
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